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Bil0  Ptouarth  Quarterly  Frogreis  Report  preaeate  the  raaearob  on 
dleeeelnatlon  of  solid  end  liquid  ageate*  !Hie  reeeerch  on  tble  pro- 
i«et  Ifl  directed  toward  the  developownt  of  weapon  ayetens  for  llna- 
Bource  dlasaalnatlon  fna  hlgjt-apeel,  low-flying  aircraft. 

It  has  been  found  that  the  viability  of  Sm  aub^oted  to  air  streaue 
•Inulatlng  a  Jet  engine  exhaxut  Is  radically  affected.  Canpection  testa 
on  Sn  showed  some  viability  reduction. 

Measurenenta  were  oada  of  the  coefficient  of  friction  and  the  bulk 
density  of  various  powders. 

A  theoretical  analysis  of  the  force  required  to  lift  a  am- 
heddad  In  a  dllatant  matarial  was  eonduotsd.  Iheorotlcal  results  ware 
in  good  agreaaent  with  ckpez^ntal  data. 

Hiensal  conductivity  and  viscosity  nsasurementa  of  egg  slurries 
out.  Rheological  properties  of  Sm  slurries  vers  lnvaa> 
tlgsted  end  date  art  presented. 

Boundary  layer  studies  sre  reported  which  Indicate  that  wind  tun¬ 
nel  tests  on  dsagglomeratlon  sre  slightly  conservative  sb  coogwred  to 
actual  flight  conditions. 

High-speed  motion  pictures  presented  in  this  report  give  an  In¬ 
sight  into  the  breakup  of  Sm  agglooeratea.  Deaggloneratlon  to  primary 
particles  of  Sm  has  been  observed. 
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A  utheutieal  model  of  a  U&e  dlaaeialnatlon  system  vss  studied. 
Coes-jted  daU  of  Infection  probability  as  s  function  of  downrlad  dis¬ 
tance  are  also  given  In  this  report. 

An  lavestigstioa  of  tbs  store-earrylag  capacities  of  an  umwenned 
aircraft  end  a  preliminary  design  of  a  Ufluid  dlsaaalaatlng  unit  Is 
Included  in  the  Appendices. 
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1.  ixmopucTioir 

itola  Is  the  fourth  Querterly  frogrees  Report  oa  the  progrea  of  re- 
seereh  on  dieeemlnetlon  of  eolld  and  liquid  BH  agente,  helag  conducted 
under  Contract  go.  nA-ie-06h-off,-S7^5.  3Sila  roaear<*  la  directed  toaard 
the  davelopcsent  of  dlaaeolnatlng  stores  to  be  carried  externally  on  hig^- 
perfonnanee  delivery  aircraft. 

The  three-Bionth  period  covered  by  this  report  la  a  part  of  Phase  II, 
which  was  started  tn  Oeeeaber  I960.  !Ehe  objective  of  phase  II,  in  the 
field  of  solid  agent  dlBaealnatlDn,  la  to  advance  the  state  of  knowledge 
in  the  areas  of  chsrscterlaatlon,  delivery,  aeterlng,  dlssamlnatlaa  end 
deagglOBeratlon  of  flnely-dlvldad  eolld  ■eterlals,  to  provide  date  for 
deelpi  of  a  research  prototype  dissenlnator.  In  the  field  of  liquid 
agent  dleeeKlnatlfln ,  Phase  11  Includes  the  design  of  a  research  proto¬ 
type  dlsseainctor  and  the  fabrication  of  one  unit. 

This  report  presents  progress  in  several  inveatlgatlone  currently 
being  conducted  to  meet  these  objectives.  Secausa  of  the  large  scope 
of  this  project,  a  nuaber  of  relatively  independent  etudlee  are  roqulred. 
Most  of  the  subjects  diaeuaeed  in  thla  report  were  Introduced  in  our 
Ihlrd  Quarterly  Progress  Report  ,  to  which  the  reader  is  referred 
for  additional  background  Infonnatlon. 


1.1  Oeneral  NlUa,  Inc.  Report  So.  2200,  pmeealnatlon  of  Solid  and 

Liquid  W  Agents,  (unclassified  tlUe)  May  15,  1961  (Confidential). 
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2,  Emos  OF  EISVAIZD  AIS  SUSAM  BKKMIURES  (ffi  SHE  VIABTUTF  OF  SEKRUIIA 

MAB®Sara  iOIWBOlIfflD  TRCK  SUSBRnOR  — — — 

Kllllag  of  Airborne  bkotezie  by  aeaae  of  dlelafieotantB  In  earosol  fozm 
or  by  gBM8^  ultraviolet  radiation  and  incineration  hat  been  eontinuee  to 
be  an  Inq^ortant  area  of  interaet  In  the  field  of  alcroblologr.  It  ie  recog- 
nieed  that  Incineration  brlnge  about  oceiplBta  eterlllaatlon  of  eontemlnated 
air.  Howaverj  to  the  author 'e  lcncwlad0e«  Information  on  the  effect  of  eaqpos- 
Ing  biological  aeroeola  for  abort  perl  ode  of  tlaa  to  teBQoratuvea  below  that 
of  inolnexatlon  la  nonexletant. 

The  purpoee  of  the  experlaenta  reported  here  vae  to  obtain  data  which 
will  enable  prediction  of  the  effect  of  mixing  a  viable  blologloal  aeroaol 
with  the  hot  exhauet  gaaee  of  a  Jet  engine.  The  preeent  report  e:Q>loraB  the 
poaelbllity  of  viability  loea  in  an  aeroaol  composed  of  Berratla  aareeecena 
(fti)  when  the  orgdhleiu  are  exposed  for  a  period  of  1.7  eeoonda  to  varloue 
tengwraturea.  nie  I.7  aecond  expoeure  time  used  In  these  experiments  was  cho¬ 
sen  from  an  analysis  -of  the  Jet  plume  of  the  North  Araerloan  F-lOO,  as  presented 
in  North  American  Alearaft  Report  KA-60-IU03.  An  exposure  tine  as  large  as 
1.7  aeconde  was  oonsldered  neceesary  in  order  to  account  for  turbulent  «»H«'<>ig 
effects  irtilch  exist  at  ths  point  of  Interception  of  the  aeresoi  stxetonllnes 
with  the  pliOM.  It  Is  plannsd  to  continue  this  work  by  studying  the  effect 
of  shorter  exposure  times  at  various  temperatures . 

2.1  Experimental 

Cell  euspenslone  of  Sn  which  were  used  In  these  aerosol  studies  were  pre¬ 
pared  from  pellets  of  the  organl  en  fumebed  by  Fort  Detrlek.  mie  spparatue 
used  la  these  experiments  Is  shown  schematically  in  Figure  2.1.1.  A  flvw  ^Uon 
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glass  cai'boy,  whlcli  serves  as  the  aerosol  chasiber,  Is  conaootad  to  t»o  identi¬ 
cal  91. 5  x  2.5  ca  glass  tubes  by  aeans  of  a  "Y"  tilbe. .  Heated  air  Is  alxed 
vlth  aerosol  in  one  of  the  tubes  while  room  air  is  elxad  with  the  other  >1^1  f 
of  the  aeroBolt  Ibe  unhaated  asrosal',  vhloh  reaeives  room  air^  serves  as 
the  control  saapla.  During  tbs  oouxsa  of  exiMTlaanta  In  which  both  legs  of 
the  apparatus  reoaived  unheated  air  It  was  found  that  the  control  leg  of  the 
apparatus  received  approxlnately  I.3  tlaaa  as  nueh  aerosol  as  the  heated  leg. 
If  the  aerosol  chamber  with  ’*1"  tube  was  tux«ad  through  l80*,  then  with  both 
lags  unheated  it  was  found  that  the  control  leg  reoelved  only  I/I.3  tlMs  as 
nuoh  aerosol  as  the  heated  leg.  Therefore,  uneqjMl  flow  throuj^t  the  two  legs 
was  caused  by  the  "Y"  tube  flow>aplitter.  Coosequimtly,  a.i  1  percent  recovery 
data  from  heated  runs  vers  multiplied  by  the  factor  O.76. 

Aerosols  were  ipnentad  using  a  modifiad  Vsponejinln  nabullaar  ehargsd 
with  six  ml  of  the  call  auspsnai<ui. 

2*1.1  flsmplina  of  Aercsola 

Aerosols  ware  eamplad  simultaneously  from  both  the  heated  leg  of  the 
apparatus  and  the  unbeated  control  leg  using  All  Olase  li^^jingera.  The 
flow  rate  in  all  oases  was  12.5  litera  per  ailaute  with  all  rune  having 
a  duration  of  I5  atlnutes.  An  individual  particle  or  organism  was  exposed 
for  a  period  of  1.7  seconds  to  the  heated  air  streem.  This  was  true  for 
all  runs  to  bo  discussed.  Approximately  10^°  viable  organisms  wera  ool- 
laetad  in  the  control  Implngsr  during  a  I5  mlnuta  run.  !Rw  coUe  etlng  fluid 
was  10  ml  of  sterile  tiyptose  saline  diluent  (acDqpoaitlon  desorlbed  below) 
plus  two  drops  of  sterile  oUva  oil  to  reduce  foaming.  After  the  15  minitU 


DECLASaFIEDINFULL 

Authority:  E0 13526 

Chief,  Records  &  Oedass  Div,  WHS 

2  6  APR  2013 


MB^pllag  period  had  elapaed,  the  is^lagers  vare  renoved  froa  the  ^^paratus 
and  cooled  in  aa  ice  hath.  After  aoollng>  the  caateate  ware  qjuantltatlvaljr 
traasfhrred  to  50  Ml  voluMtrle  flAeks  aad  diluted  to  toIubb  with  tryptose 
aallae  dlluant.  After  thorovigh  Mixing,  the  oontentk  of  the  voluMrtrio  flaeka 
were  serially  diluted  for  vlahility  detexnlaatlonsi 

2.1.2  Vlahility  DeteiaiBatlons 

The  asdiua  used  la  vlahility  detemlnatlons  was  ocnposed  of  the  following: 


VULson'a  peptone  2.0  g 

Cerelose  0.5  g 

Itod  0.5  g 

2.5  g 


Distilled  water  to  100  al 
ia  adjusted  to  6.8 

Serial  dilutions  ware  aada  la  tiyptose  saline  diluent  of  the  following  eoB^po- 
sltlon: 

Tryptose  0.1  g 

HaCl  0.3  g 

Distilled  water  to  100  ol 

All  viability  detenalaatloas  were  aade  usixig  sterile  plastic  petri 
dishes.  After  the  plates  were  poured,  they  were  placed  in  a  37*C  laoubator 
for  a  period  of  two  hours  prior  to  plating.  This  tzeatasnt  removed  any  ex¬ 
cess  ooistuxe  which  mi^t  Interfere  with  suhsaguent '  developnsnt  of  oolonies. 
Samples  of  0.1  al  froa  the  final  dilution  were  streaked  on  the  surface  of  the 


IN  FULL 

Authority:  E0 13626 

Chief,  Records  &  Oedass  Div,  WHS 


Date: 


2  6 


PPR  2013 


-  5  - 


agar  plains  with  atanla  glasa  straaklag  rods.  The.  plates  vers  than  inoubated 
at  a  teiqperature  of  37*C* 

2.2  Sesulta  and  Dlacttaaloa 

The  efftiet  of  heated  air  streams  on  the  viability  of  Sm  in  aezosol  fona 
i®  presented  in  Table  2.2.1.  These  data  represent  the  average  percent  re- 
ooverles  deteznised  from  at  leaet  six  separata  tests  at  each  ta«(perature. 

Each  deteznlnation  vas  based  on  the  aeroaoUaatloa  and  eolleotioa  of  approacl- 
■•■bedy  10^®  viable  organisms#  The  same  results  showing  the  naan  pereant  »« 
cove.iy  and  the  deviation  of  the  mean  are  pcreeanted  in  Figure  2.2.1.  The 
deoreaea  la  viability  at  50*C  amounted  to  about  $1^,  at  75*C  72jt,  at  100*C 
92^,  and  at  the  maximum  teigperature  of  125*0,  a  deareaee  of  995J  Fren  thaaa 
results  it  is  readily  apparent  that  aerosols  of  flsi  are  significantly  affboted 
by  heatsd  air. 

Since  It  is  gtnsrally  known  that  asrosols  of  vegetative  organisms  ex¬ 
hibit  an  appreciable  decay  rate  even  under  optimum  ooodltlone,  the  results 
obtained  in  these  cxparimente  vere  not  unexpected.  As  in  other  typae  of  ex¬ 
periments  where  bacteria  la  aerosol  fom  art  subjected  to  lethal  agents,  e.g., 
UV  radiation,  the  auaceptlbility  of  the  organisms  is  usually  a  Amotion  of 
the  nsdim  in  which  the  organiens  are  grown,  the  phase  in  the  growth  (^ole 
at  which  the  organiama  are  harvested,  the  matrix  surrounding  the  orgsalsmCs) 
after  the  water  surrounding  the  nebulized  droplet  hsie  evaporated,  the 
conditions  of  the  expexliaent. 
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TABZ£  2.2.1 


EFFBCil?  OP  2IBVAIED  AIR  SXBBAM  SSMISS/miRES  ON  TEE 

VIABILITY  Cr  SE^m  MARCESCBHS  AER060T.TZED  PRCM  LIQUID 

Temperature,  *C 

Recovery.  Percent* 

Mean  Deviation 

25 

100 

50 

49 

2.8 

75 

26 

1.5 

100 

a 

1.6 

125 

o.e 

0.5 

Duration  of  all  runs  vas  13  ainutas. 

«Averaee  of  six  datexmlnatlona 

It  vas  previously  stated  that  InoUbatlon  tel^rBt^u«  vas  37*C. 

Since  thle  teaperature  would  he  considered  by  some  investigators  to  be  ellghtly 
higher  than  optimum  for  8^  aareesccns.  the  poesihllity  existed  that  eonewbat 
different  reeulte  mi^t  he  found  If  the  orssnlams  were  incubated  at  a  lower 
teqperature.  Such  a  possibility  exists  beeauss  of  ths  results  of  Anderson. 
who  found  that  gsehsriohla  coll  B#  following  irradiation  with  ultraviolet 
light,  produced  significantly  mors  colonise  when  Incubated  at  to*C- rather  than 
the  eustcoary  30*C.  In  o^r  to  detaxBine  whether  or  not  the  results  of  those 
sxpsriiMnts  wsrt  Influsncsd  by  ths  37*C  incubation  tejqparaturs,  two  additions^ 
dstemlnatlons  were  mads  at  an  air  strasa  tampsratiw  of  75*C.  Pron  saoh  run, 
12  ipatea  vara  praparad  fraa  the  control  lag  swid  12  plates  from  the  heated 


2.1.1  Anderson,  S.  H.,  Heat  Reactivation  of  Ultraviolet-Inactivated  Bacteria. 
J.  Bsctariol.  ^  389  (1951). 
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^CONPIMNTlkl 


Baaple.  Six  coatrol  platas  «ad  six  plates  floi  the  heated  ssaple  were  plaoed 
la  the  37*  C  Inoubator.  Qa  reBialntng  elx  plates  frea  of  tte  saop]^ 
were  laeubated  at  rooa  teaperature.  The  results  of  this  experineat  are  pre¬ 
sented  la  Table  2.2.2, 

TABLE  2.2.2 

oracT  iRcuBATiai  hmfiratubs  oe  the  rkovbbx  or 
AERQsoia  or  swiMiiA  macn^BB  bcbosed  to 
AI  AIR  6TBBAK  TOfflERATUBE  Or  75*0 

Beeevery.  Pereent 

Run  Buabers  37*0  (innUbatioa  Tamo.)  gs*g  ^InqijBatlon  T*<«(P. ) 

^  52  51 

*  30  26 

Trm  these  results  It  oan  he  seen  that  a  lower  temperature  of  Inoubatlon 
produees  fewer  oolonlee  of  the  orgaaleas  froB  the  heated  saople.  Whether 
these  rvsulte  ere  statletioalljr  sl^nlflonnt  or  not  must  await  further  ex- 
perlaeatatloa.  Bowever,  it  does  appear  that  the  37*0  IneUbatlon  teqUratnre 
is  not  deleterious  to  optloua  growth  of  the  orgaalsm. 

Blnoe  the  results  of  these  experlasots  ladloate  sa  appreolable  deorease 
la  the  viability'  of  the  oiganlsas  even  at  ft^ly  low  teiQperatures,  the  proxi¬ 
mity  of  the  dlesealaating  devloe  to  the  Jot  engine  will  be  a  slgnlflflant 
ParsMter  la  the  design  of  a  BW  delivery  system. 
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3>  SZSEKDCSXTS  OH  TBS  CBIUEUUaXBSISZCS  OT  POHIEBS 

In  ordar  'to  d«t«zsliM  thoae  fundsaent«x  pioparties  of  fliie2gf(>di'¥ld«& 
&zy  povdora  vfaleh  affact  their  feeding  aal  hanflling  (diaraotarlaticai  lafor^ 
jaatloa  la  helag  chtalnsd  on  the  ooeffloieat  of  friction  of  powdera  ■i-ta-tiyg 
againat  Tarloua  auatarlala^  the  hulk  daaaity  of  pewdara  aa  a  funotlon  of  oob> 
praaalve  load,  and  the  ahear  atreagth  of  powder  beda.  Cowalatloa  will 
ho  aought  hetwean  tbeao  oharaeteriatlea  and  the  output  and  energy  x«quiz«d 
to  operate  feedlzig  devioea  aueh  aa  piatona  and  acrew  feedera. 

3*1  Priotlonal  Fcrcee  Between  Powdere  and  (P**""*!  t  ■ 

In  a  prewloua  report, reaxilta  vote  given  for  the  motional  forooa 
between  talc  powder  and  a  glaea  cylinder.  Tb»  experlueatal  teohniqpe  vaa 
deacribed  and  a  theoretleal  ralatlonahlf  derived  for  the  force  a  involved. 

This  relationahlp  la: 


where:  ■  force  applied  at  one  axid  of  a  ^ug  of  powder  confined  in  a 

cylinder 

F]^  >•  reaiatlve  force  at  the  other  end  of  the  plug  of  powder 
jJi  ■  coeffiolent  of  motion  between  powder  and  oyllnder  wall 
■  eonatant 

0  ■  dlaanter  of  confining  cylinder 
L  m  length  ef  ooopreBBed  plug  of  powder. 

According  to  this  equation,  a  plot  of  the  logaritha  of  Fj^r  vb  l/ti 
should  be  a  atraltfit  line. 

3.1.1  Oeneral  KiUa,  Inc.  Beport  Ho.  2200,  Third  QuarterQy  Frograsa  Report  on 
Diseailinatlon  of  Solid  and  Liquid  Hf  Aguts  (ttaolaaalfled  Title)  May  15. 
1961,  pp.  5-16  (confidential).  ^  ' 
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The  teas  fJi  sen  he  caloulAteft  frcm  the  slope  of  the  line.  Rie  exact 
valxie.  of  the  eoefftcleat  of  ftletioQ  fJi  cannot  he  detexnlned  because  Cj^  is 
not  knoim.  is  the  ratio  of  the  forces  within  the  powder  bed  which  are 
perpendicular  and  parallel  to  the  applied  force  (i.e., 

During  the  period  oovexed  by  this  report,  tests  were  perfonned  la  Cyl¬ 
inders  of  various  materiala  using  talc  powder  and  finely  ground  as.  The 
results  of  these  tests  are  shown  In  Figures  3.1.1  and  3.1.2  (in  the  foas  of 


the  beet  straight  line  through  the  data  points  for  a  given  cylinder  material). 
The  oyllnders  used  were  not  all- the  seme  length  or  dieoeter.  Tbe  physical 
dlmsnslone  of  the  various  cylindere  are  prssented  la  Table  3.1.1. 


TdBl£  3.1.1 

PHYSICAL  DIMEHaiOBB  Of  CYLUJDSRS  ABD  PtSTOMB 
asss  iR  FRicnoB  MEAsuRiaflsjrrs 


cylinder 

Material 

Length 

JlaL 

I.D. 

(lo) 

O.D. 

(la) 

Piston  Diameter 

_ 

Qlaae 

7 

1.165 

1.37 

1.182 

Aluminum 

18 

1.500 

1.90 

l.h86 

Teflon 

12 

0.895 

1.50 

0.691 

Stainless  Steel 

18 

1.500 

1.90 

1.486 

The  values  for  the  teas  vers  ceduulated  from  the  slopes  of  the  lines  in 
Plgurei  3.1.1  and  3.1.2  and  ars  given  in  Table  3.1.2. 
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VALUtS  OF  (THE  OBBM  CyLL  FOR  OMLO  FOHSBS 
AMD  an  FOR  VABXOUB  CSUSEBR  NMBBIAIS 


Povdar 

cylinder 

Sl4L 

Talc 

' 

Olaaa 

0.279 

Talc 

AluBlnuB 

0.319 

Talc 

Teflon 

0.358 

Talc 

Stalnlasa  steal 

0.315 

am 

Oiaae 

0.301 

sm 

AltaOnum 

0.256 

8a 

ftflon 

0.306 

la  all  of  tha  taata  at  laast  four  Alffarant  valuea  of  Fj  wara  taatad> 
ajhasa  valuaa  for  tha  dlffaxaat  oyllndara  axa: 

35.0>  84.2,  134.1,  and  I83.3  0a 
Alunlnua  77^  17O,  357,  *nd  450  gn 

21.7,  49.5,  76.7,  and  104.5  0b 
StalnlaBa  Steal  77,  170,  357,  and  430  01 

Ibara  vaa  aoM  q^aatloo  as  to  ahat  effect  tbe  surface  rougbnaaa  of  the 
oylladar  material  bad  on  the  frletlea  maaauramanta .  fo  study  this  affect,  an 
alualnisi  cylinder  of  similar  dlawnslon  to  the  one  previously  used  vaa  polished 
on  tha  Inaida  and  a  sarlea  of  tests  ware  ausda  with  talc  povdar.  IDm  data  ob¬ 
tained  ate  sbom  In  Fi^ira  3»1.3,  indloating  that  the  surface  roudhnaas,  as 
eneoustaiad  la  these  tests  vltb  aduninun,  is  not  an  influencing  factor.  The 
surfaee  rou^^masa  cf  tha  inside  of  all  tha  oylindera  vas  maasurad  with  tbe 
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Surfladleator  Kodal  vhioh  aeuureB  "tbs  srltbastioal  svsrsgs 

dsvlatloa  frcn  tbs  asaa  Has"  la  aioro-laobss.  Tabls  3. 1.3  shows  tbs  surfsM 
roui^saess  of  tbs  eylladsrs. 


1\> 


TABU  3«1*3 

AVEMCB  aORFACB  ROCOBHESS  CT  fBB  TiMTnit  or 
VABIOtB  CyZIREns  OBKD  IH  UOSSIMElfrS 


Cyilndsr 

Mstsrlal 

OIsss 

Alualaua 

Tsflon 

Stslnlsos  Stssl 
FoUsbel  Alxaalnm 


Surfaoe  Boutfiasss  of 
laslds  of  Cylladsr 

2.^-4  Bldro-iaebss 

to  >  100  alcTo-laebss 

75  -  150  alcro-lnchSB* 

10  •  15  mlaro'inobsB 

4-6  oloro-laebss 


*  Xstlaatsd*  (Tsfloa  is  too  soft  to  bs  asssiusd  with  tbs  Instnantat. 

A  test  was  alto  eonduatsd  to  detezalna  what  sffsot  tbs  Inside  dimster 
of  tbs  oyllnder  had  on  tbs  rstults.  Aooordiag  to  tbs  thsory  dsvsloped,  for 
any  sivaa  powder  and  cylinder  oaterlal,  all  points  of  tbs  plot  of  log  F^/Fh 
vs  L/J)  should  bs  on  tbs  ssas  strai^t  lias  regardless  of  tbs  oylladsr  dla- 


aetert  Another  aliaiil  rum  eyllader  vat  obtained  vbleb  was  12  inbhss  3«»g  by 
0<625  laohes  inside  dlsBistsr^  and  had  an  average  surface  roughness  on  the 
Inside  of  20-25  alcro-lnohee.  lbs  cylinder  was  tested  with  talo  powder  and 
tbs  results  ere  conqiared  With  those  of  the  I.500  inches  laslds  dieaeter  almi- 
nun  tube  in  Jlgure  3<l<4t  As  caa  be  saen>  all  the  points  oaa  be  adequately 
represented  by  the  sisn  straight  line,  iadioatiag  that  cylinder  dlsstster  has 
no  effect  on  the  results t 

3.i.2  MenufacturedTy  Brush  Ilectronlcs  Coo^pany,  Cleveland,  Ohio. 
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1>900  Inch  Alualnun  CyllnOer  o 
0.68^  Inch  I.B.  Aluminum  Cylindmr  x 


noUBE  3<1.4 

CCKPABISOB  (F  ?IS!R)H-CILZIII3R  OAIIA 
lALC  FOR  CYUIOBBS  OF  DinCRBlir 
siAieazRS 


J _ ^ _ L 
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3*2  09*^iclent  of  Pyiotlon  Bttwa  Powdtrg  and  Vtoloiai  Mat*i»tai« 

A,  Bwtbod  of  dateiaiitlng  th#  co*fflol«at  of  friction  directly  between 
powders  and  tmIoub  nntezlalB  is  described  by  Creasr  #t  In  this 

method  a  plate  of  the  material  to  be  tested  Is  sprinkled  with  powder  and 
tilted  until  the  aaes  of  powder  slides  off.  Figure  3.2.1  shows  the  force 
dingena. 


If  the  static  friction  Is  based  on  the  eonrintlonal  theory  of  Coulonib,  then 
X  a  the  frictional  force  t  andt 

1  “ /i  S  a /iag  008  @  (3.2) 

3.^.1  aemer,  Conrad  and  T.  Kraus.  "Dls  Haftflhl^lt  von  Pulvam  uad 

Bestlaniag  von  Komgrdssen/' . Angevandte  Cheals.  Vol. 
1952,  pp.  lOoll, 
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'rt"***  •  coefflolBat  of  fMotloa 

A  M  nasB  of  th«  povdtr 
8  m  aoealtratlon  of  gravity. 

Ftob  Flgura  3*2.1  it  can  Man  that: 

K  ■  Bg  sin  B. 

Substituting  for  K  and  L  wo  have ; 

BUI  sin  0  «  /iag  008  0 
or 

P.  •  tan  ]^. 

An  attojtpt  was  aada  to  awasurs  ths  eoofflciont  of  frletlon  of  talc  and 
Sb  by  this  aaanar  with  vary  llttla  sueosss.  lbs  dlffioultlas  snoountsrsd  vans 

1.  For  aaall  aassss  of  pewdsr,  than  was  no  angle  at  which  the  bmiss 
would  ollda  (up  to  90*). 

2.  for  lar^ir  aaasaa,  tha  powdar  would  bnak  away  frees  the  mass  la 

varying  aasounts  and  allda  off.  Tbm  entire  Bsaas  of  powder  would  aeldoB  slide 
off  at  the  saaa  tins,  it  was  also  diffloult  to  unlfora  thieknass  of 

the  nasB  of  powder. 

In  order  to  solve  these  problesisi  it  was  daoided  to  cceQsreBs  a  plug  of 
powder  in  a  hydraulic  praes  and  than  use  this  plug  of  powder  to  detsziUna  tha 
eoafficlant  of  filetloa  by  noting  the  angle  at  which  it  slldaa.  A  steel  cyl¬ 
inder  wsB  obtained  whiob  had  tha  dlSBenslonss  length  9",  I.B,  1.60",  O.D.  2.37", 
Iha  powder  wae  sifted  into  this  cylinder,  ocn^pressed  In  the  hydraulic  pnsa 
using  a  piston  I.57"  in  diaastsr,  piaead  on  a  tilting  tsbla,^*®*®  and  the 
angle  of  slide  snesurtd.  Ihe  angle  of  slide  was  aeassmd  by  placing  the  plvig 
3«2«2  Manufactured  by  The  Angle  Consputer  Co.,  Olendale,  Callfoinla. 
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(3.3) 

(3.4) 

(3.5) 


9 


1 

of  powdor  on  •  oltani  iry  «urf»o«,  and  alao  bjr  ftoatlag  th*  surfaae  tlxmt  with 
the  pcwdar  under  teet.  m  either  seee,  the  angle  of  elide  vse  the  seae>  indi- 
oatlng  that  the  ooefflolent  of  frletion  of  the  aotual  powder  vaa  being  ana* 
■ured. 

So  anaeureaent  of  the  oo^preaeiw  force  was  leada  for  the  uatetoeMats: 
with  tele  powder.  Howaverj  it  ia  eetianted  that  the  force  need  vae  about 
1.7  X  10*^  For  Seethe  force  me  varied  trtM  1.7  x  10^  to  1.0  x  10^ 

dynea/eai^,  with  no  acpreoiahle  variation  in  the  angle  of  elide.  Ihezeafter, 
a  force  of  1.7  x  10^  dynee/ea®  vaa  uead  for  the  teete.  In  Table  3.2.1  am 
the  reeulte  of  theae  testa.  At  leant  10  inaeureannts  on  the  jangle  of  alldie 
were  made  on  each  natdrlia  and  the  value  given  is  the  average  of  theae  aea* 
suraaents. 

I 

nsm  3.2.1 

ccBTFianifT  OF  nocncB  or  xalo  pchibr  joat 

sa  iBOK  fzzjnso  zabix  mbibod. 

Talo  Fovder 


Katerial 

Average  Angle 
of  Slide 

Deviation 

Coeffioient 
of  Frietlon 

Alualntai 

33.6" 

2.f 

0.664 

Olaae 

30.7 

h,B' 

0.594 

Teflon 

36.2 

1.2 

0.732 

Stalnleae  Steel 

33.0 

Sta 

3.5 

0'.649 

AiuaLsuB 

33.2 

8.8' 

0.654 

CELase 

35.2 

5.8 

0.705 

Teflon 

35.9 

4.1 

0.724 
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Pre«  the  reeulte  of  tbeee  es^erlaenta  a&d  the  xeeulte  of  the  piston  cyl¬ 
inder  experlaentB,  the  veins  of  the  ooosteat  Ci  (defined  helow  )  can  be . 
calculated,  zebie  3,fii2  gives  the  values  detsxnlaed  for 

OmE  3.2.2 


VAUJS8  CP  Tm  CQHBZUrr  Cl 
Tale 


Material 

Coefficient  of 

Cl 

Friction  (11 ) 

‘'1 

' 

- 

"1 

AlusdnuB 

0.66k 

0.319 

0.481 

(Hass 

0.594 

1 

0.266 

0.462 

Tsflon 

0.73a 

0.358 

0.489 

Stainless 

Steel 

0.649 

0.315 

0.486 

8>a 

AlunlnuB 

0.654 

0.256 

0.392 

Glass 

0.705 

0.301 

0.427 

Teflon 

0.724 

O.3O6 

0.423 

The 

average  value 

of  for  talc  powder  Is  0.484  and  for 

Sh  is  0.4l4. 

The  variation  of  the  value  of  for  talc  is  such  less  than  for  Sb;  indicating 
that  the  values  for  the  coefficient  of  friction  for  talc  and  the  various  aa- 

probably  laore  reliable  (ccs^pare  deviations  in  angle  of  Bllda^ 

Thble  3*2.1). 

These  values  for  the  constant,  Indicate  that  vith  both  tale  and  fta 
stress  transalBSlm  in  the  poirder  bed  Is  suoh  that  a  force  slightly  less  than 
one  half  of  the  applied  force  Is  created  la  a  direction  perpendicular  to 
of  the  applied  force. 
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3«3  Awraga  Bulk  IXinalty  of  T«lo  fo>rd>r  and,  fla  Under  Vartoua  Oarogeasive  fbre** 

In  tbBM  tealM  tha  liulk  danslty  of  the  powder  was  detexulned  ae  •  funotlon 
of  the  conpieesed  length  of  the  plug  of  povder  under  Turlous  loads  •  The  appa- 
tatue  used  van  an  16  inch  length  of  alualmn  pipe  of  1.^00  Inch  I.D.^  a  1.486 
inch  dlaanter  piston,  and  various  welcdits. 

Tbm  procedure  vas  to  sift  a  known  weight  of  powder  into  the  cyllndei^, 
plaoe  the  piston  on  top  of  ths  powdtr,  and  masurs  ths  length  of  the  conqireBsed 
powder.  Then  additional  vel^te  were  added  and  the  length  of  the  ocs^ressed 
powder  plug  vas  again  measured.  The  eoBqtraeeed  plxig  was  removed  from  the  cyl¬ 
inder  end  the  proceas  repeated  with  e  different  quantity  of  powder.  Knowing 
the  weight  of  the  powder  end  the  diaanslans  of  the  powder  plug,  the  hulk  den¬ 
sity  oan  he  eosQUted.  This  la  the  average  hulk  density  since  the  density  will 
vary  along  the  entire  length,  being  highest  at  a  cross  section  next  to  the 
piston. 

A  plot  of  the  logarithm  of  hulk  density  (yD )  vs  the  length  of  the  com¬ 
pressed  plug  (I.)  wns  made  for  each  con^resslve  force,  resulting  in  e  curve 
vMch  could  he  reprssented  by  the  relationship: 

P  -a (3.6) 

where CX , and  k  are  oonstante.  If  OC  is  assumed  to  be  the  bulk  density 
of  the  loose,  uncoa^reisa^  pewder  (Pq),  then  the  equation  can  be  written: 

P-Po./?e-“°  (3.7) 

A  plot  of  log  ip  -  Pq)  vs  L°  should  be  a  straight  line  with  intsroept  JJ 
and  elope  k. 
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Th*  looM  bulk  danslty  of  talo  was  found  to  be  0.153  m/as?  and  that  of 
Sm  to  be  0.285  gfo/cB?.  A  plot  of  log  (  P  -  P^)  vb  ^  etral^t  Una, 

Indloatlng  that  the  average  bulk  deaelty  of  tbaee  powders  usdar  coB^p^«a8iaQ  is: 

(3,6) 

PlguTB  3*3«1  la  a  typical  plot  of  log  P  vs  L  for  a  specified  oosipzeBBlve 
load,  and  figure  3.3*2  Is  a  plot  of  log  (  p  -  P^)  vs  for  the  saas  com¬ 
pressive  load,  flgoie  3*3 *3  la  e  plot,  of  the  averaga  bulk  density  of  talc  ver¬ 
sus  the  length  of  ooiqireBsed  plug  of  powder  under  various  eoB^resslve  forces. 

figure  3. 3. If  i8  the  seas  type  of  plot  for  Os.  Table  3.3.I  gives  the 
valtms  of  the  constants  and  k  fox*  tha  varioua  ocnpxeaslve  forces  for  both 
talo  powder  and  an.  The  value  oif  la  «l»o  given,  nils  quantity  la 

defined  aa  tha  bulk  density  of  tha  powder  at  a  ctobb  aaotlon  next  to  the  pla- 
ton  or  oompnaalve  force,  it  la  dateralned  by  adding  the  value  of  the  loose 
bulk  density  of  the  powde^  ( Pp)  to  the  value  of  the  intercept  J3 . 

The  value  of  the  tarsi  k  seeas  to  be  fairly  constant  for  tale  powder 
with  an  average  value  of  0.484.  nils  Is  not  true  for  Shi.  Thare  la  a  definite 
decrease  in  k  with  Increasing  coopreaslve  force.  Figure  3.3.5  is  a  plot  of 

the  values  of  k,/},  and  for  talo  powder,  and  Figure  3.3.6  is  a  aimllar 

plot  for  an. 

In  tha  futuxw,  it  Is  plandad  to  maka  testa  on  polyvinyl  ni  oohol  powder 
using  the  piston-oyllnder  and  tilting  table  nathods  to  asaBurB  the  frictional 
propertisB,  and  also  detaxsilna  tha  bulk  deiwlty  under  various  ccnqirBBBlve 
forces.  It  Is  also  plannsd  to  measure  the  shear  strength  of  talc  powder,  Sa, 
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FIOUnB!  3.3.1  AVmCG  SUIX  IXUBITY  (J 
PUP  liSNGTH  (1)  wna»  A 

3-T^  X  105  Dyne*/cffl2 


})  oar  a!ALC  AS  A  mCTKW  CP 
CGKP8ESSIVE  FQBGS  Of 
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lV3  (omV3) 

FIODHE  3.3.2  A  PLOT  OP  (P-P^)  VS  1^3  ^qR  TALC  UMfflR  A 
CCMPHBSSIVl  POHCE  OF  3.7^2  x  10?  DyMs/ca^ 
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3.72  X  10^  Dynes/om^ 

/—  2.00  X  10^  Dynas/oa® 
y — 9.^1  X  10**^  Dynaa/ex^ 


Z/  5.32  X  10^  Dyneo/ca® 

^ - 2.73  X  10^  Cyoei/oB^ 

- 1.01  X  10^  Dynaa/ca® 

nouns  3.3.3  AVESA®  BUliC  IBNSm  (p )  GP  mc  AS  A  FUNCTION  OP 
PLUG  ISNOTB  (L)  FOR  VARIOUS  CCKFRESSIVS  FORGES 
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CcBpressive  Farce  (Djpes/ct^  x 


Ccnpresslire  Torce  (Dynes/ca^  x  10" 


«nd  P.VtA«  An  attaiqpt  viU  b«  Bade  to  oomlate  these  properties  of  the 
three  pewdara  to  the  feed  rate  of  a,  screw  feeder  as  reported  previoualy^’^'^ 
and  with  the  torque  reguized  to  operate  the  screw  feeder. 

TIHZ  3.3.1 

VAUUE8  CP  THR  COBSIAaTS  fit  k,  Al®  ?0R 

lALC  FCMCGR  Al®  dB  URDER  VARIOUS  CCMIlS8dX%  FORCES 

lala  Powder 


CoBDreeslve  Force 

JL 

k 

^(I-O) 

1.01  X  10^  dynee/on^ 

0.227 

0.483 

0.380 

2.73  X  10^  dynes/cm^ 

0.297 

0.451 

0.450 

5.32  X  10^  dynes/cB^ 

0:35^ 

0.467 

0.507 

9.61  X  10^  dyties/oB^ 

0.426 

0.461 

0.579 

2.00  X  lo5  dynes/oa® 

0.473 

0.449 

0.626 

3.72  *  lo5  dynee/cn^ 

0,557 

Sa 

0.456 

0.710 

1.01  X  10^  dynes/cn^ 

0.291 

0.676 

0.576 

2,73  X  IcA  dynes/cnjS 

0.339 

0.542 

0.624 

5.32  X  10^  dynas/cB^ 

0.362 

0.486 

0.667 

9.61  X  10^  dynes/ca^ 

0.401 

0.432 

0.666 

2.00  X  lo5  dyoes/cB^' 

0.432 

0.381 

0.717 

3.78  It  105  dynas/cB^ 

0.456 

0.346 

0,743 

3.3*1  Qeaeral  Mills,  Inc.  Report  Ro.  2161,  Second  Quarterly  niegress  Report  on 
Dleeomlnation  of  Solid  and  liquid  W  Agents  (UnclasBified  Title)  Peh.  13, 
1961,  pp,  2-13  (Confidential). 
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TESCSET2CM*  STUDY  OF  FCTOBR  MBCHANICS 

In  praviouB  reporta  two  basic  approaches  for  studying  the  wchanieal  I 

behavior  of  paTticulata  materials  have  been,  examined..  The  first  vaa  based  ' 

U  1  •• 

i^pon  isteraotions  among  ixtdivldual  particlea,  vhile  the  aecond  dealt  with  j 

'  ] 

O  i 

b\ilk  properties  of  powders.  Curing  the  current  report  period,  additional 

.  I 

theoretical  and  experiiasntal  voiic  has  been  carried  out  along  the  lines  of  the 
Bec(»d  approach. 

A  theoretical  study  has  been  made  of  the  force  required  to  lift  a  disk 
Imbedded  in  material  having  dilatant  properties.  The  results  ware  found  to  | 

agree  well  with  experiments  conducted  with  glass  beads.  These  theoretical 
developnents  and  poasibllitlea  for  further  reecsurah  along  theoretical  llnee 
are  discussed  hezeln. 

l».l  Analysle  of  the  Force  Required  to  lift  a  Long  Cylindrical  Rod  from  a 
Oranular  Bed 

Consider  a  long  cylindrical  rod  imbedded  in  an  elastic  granular  bed  at 

a  depth  y^  which  is  large  oonq^red  with  the  diameter  of  the  rod.  The  axis  of  * 

the  rod  is  parsLlIel  with  the  bed  surface;  also,  the  granular  material  is  as- 

2  *  * 

oumed  to  have  a  shear  strength  characteristic  of  the  form:  ‘  | 

! 

1 

J 

7*  a  ^  tan  (4.1) 

I 

i 

The  force  required  per  unit  length  to  lift  the  rod  from  the  bad  may  be  deter-  i 

j 

mined  as  follcwa.  For  a  line  load  of  magnitude  P  graas/eis,  applied  to  an  ] 

4.1  Oenerai  Mins,  Inc.  Report  Ko.  2l6l,  Second  Quarterly  Progrsae  Report  on  ’ 

Dlasemlnatian  of  Solid  end  Liquid  SQ  Agents  (Ibclasslftad  Tlt.le),  Feb.  13, 

1961,  pp.  46-55.  (COHPlBElinAL).  .  i 

4.2  General  Mills,  Inc.  Ra^rt  Ro.  220Q  Hiird  Quarterly  Progress  Report  on 
Diasamlnatlon  of  Solid  and  Uquid  Bf.  Agents  (Unclassified  TltleJ,  May  15, 

1961,  pp.  22-36  (CatPlTEMnAL). 
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elastic  neaiun  as  ehovn  In  Figure  U.1.1^  the  stxeas  at  a  point  daftned  by  the 
polar  coordlnatee  (r,  O)  is  in  the  radial  dlreotion  and  defined  by  the  equa¬ 
tions 


(j  Si  °o»  0 
J*  “  TT  Jf 


^0  •  '•^rO  ■  ° 


(4.2) 


The  local  condition  for  shear  failure  vithin  the  bed  la  defined  by  the  ex¬ 
it  2 

presBion:  * 


sin 


^1  “ 

CTi  “  0*2 


(4.3) 


vbere  and  (^2  am  major  and  minor  prlnciped  stresaea  at  a  point  vithin 
the  granular  bed  (see  H^gure  4.1.1).  If  it  la  aaauaed  that  the  initial  atresa 
dlatrlbution  in  the  bed  due  to  its  vein^  Is  hydrostatic  ^  the  slip  condition 
froB  Equations  (4.2)  and  (4.3)  becoews: 


bin  0 


(4.4) 


vhere  v  is  the  density  of  the  material. 

FroD  an  analysis  of- Equation  (4.4)  it  is  found  that,  for  a  given  load 
F,  there  exists  a  region  of  nearly  circular  cross-section  vithin  vhich  the 
rntterlal  is  in  a  state  of  shear  failure,  and  an  external  mgion  vhich  ia  in 
etaticsil  equilibrium  under  the  load  P.  The  shape  of  the  surface  separating 
these  regions  is  defined  by  the  equation: 


7 


(4.5) 
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Slip  Surf»ce 


TXaURB  IKMEBCLMTURS  FOR  AHmSXS  OF  BTRESBES  IK  A 

ORABUlAJt  SS  -  TWO  SIMEKBIONAL  LCASINa  ?  g/on 


figure  4.1.2  TBBaiS!riC%TtfO-l>IlCllB^L  SLI? 

suHEACEi  0-30*,  P/77  / a®  -  5 


ewwlChitf.RDD-V^ 

E0 13826. 3«ction  39 


P»l>! 


(4.6) 


O' 


vbire  is  olotalnad  by  solving  tbs  quadrstle: 


(1  -  y^) 


1  »  sin  0 
sin 


P 

Tar  0  M  30*  and  the  shape  of  the  slip  boundary  Is  ss  shown  in 

Figure  4.1.2.  The  force  per  unit  length  required  to  lift  a  smooth  rod  having 
a  croes-sectlooal  shape  defined  by  the  slip  surface  (Eq^ation  4.5)  Is^  from 
Equation  (4.4): 

P  .  TTTvc  ‘  ti  -  jj)  c*.?) 

vhere  d  -  y^  defines  the  "diameter"  of  the  nearly>circular  rod. 

This  equation  is  valid  only  for  vary  small  values  of  A/Yq,  since  the 
boundary  eonditlons  at  the  surface  of  the  bed  are  not  satisfied  by  the  ap« 
proximate  solution  given  above.  This  defect  can  be  removed  by  applying  an 
image  load  F*  »  P  at  the  point  y  ■  2  y^  as  shewn  in  Figure  4.1.3.  With  this 
loading!  bhe  stresses  at  the  surface  y  -  y^  vanish  as  required  at  the  free 
surface.  Carrying  out  an  analysis  similar  to  that  given  above!  it  is  found 
that  the  required  load  per  imit  length  is: 

p  -  7r/p„  Ml  -  (‘•8) 

These  results  are  parti<n>larly  interesting  in  that  the  load  ?  varies 
linearly  with  the  depth  of  Issnersiou  y^. 


I 


I 
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nouKE  4.1.3  ponn;  load  in  a  two  dimerbiomal  bed  op  poweer  with  a  vireual 

FORCE  TO  CORRECT  FOE  BCCHSART  CONUl'l'lCNS  OR  TSS  SURFACE  OF  THE  BED 
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k.2  at  the  Foree  Requlrtid  to  Lift  an  3aT»daed  Dlsie  ffrep  a  Granular 

Bed 

\ 

M  ipproxlaate  analyila  of  the  force  required  to  lift  an  Imhedded  diak 
froB  B  lied  coQpoaed  of  elaatle  granulea  can  he  carried  out  along  the  llnM  of 
the  ahove  two-dlnaaalonal  analyala.  Por  a  point  load  applied  noraal  to  the 
■urfaee  of  a  aaml-lnflnlte  elaatle  aolld,  Bouaalneeq^*^  obtained  the  streae 
c(»tponenta: 


CT  ^  ^ 

"  ‘  27r  (a2  .  ,2)5/2  ' 


^  3P  zi 

ir 

r  3  P  r*® 

w 


where  r  and  z  are  cylindrical  ooordlnatea  (see  Plgure  h.2.1). 

Taking  the  origin  at  a  point  at  depth  from  the  aurface  of  the  hed^  the 
requirement  that  the  etreaaea  he  aero  at  the  bed  aurface  may  he  aatlafled,  ad 
in  the  tvo-dlaenalonal  oaee^  hy  conaldering*  llotitloua  load  P'  ■  P  to  act  at 
the  point  z  ■  2  Zg.  The  atreaa  dlatrihutlon  la  than  ohtalaad  hy  auperpoaitloo 
using  Squatlon  (U>9)« 

Ihe  allp  condition  ii  egeln  given  hy  Equation  (4f2),  on  the  aaauiqptlai  of 
a  linear  ahear  strength  charautarlstio  as  s^qpraaaed  hy  Equation 

Carrying  out  an  analyaia  elmllar  to  those  prevlouely  deacrlhed^  It  waa 
found  that  the  foree  needed  to  lift  an  approximately  spherical  object  of 

Timoshenko,  3.  and  J.  H.  Goodier.  Theory  of  Elaatlelty,  2nd  Edition, 

McOr«w-Hlll  (1951),  P»  85. 
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A  A  tnn  004  0 


diaffleter  d,  laDadded  to  a  depth  la  a  granular  bed,  la: 


iff  Jo}  ala  0  2  So 

-  - - r  t  { - 

3  1  >  alo  0  d 


(4.10) 


Thn  fUoQtlon  t  ■  0)(l  •»>  ^  ^  la  plotted  is  Figure  4.2.2,  Indicating 

SI  TTr 

the  vay  In  which  P  varlaa  with  the  depth  z^. 

iLLthough  the  load  approachea  a  linear  dapendenaon  depth  for  large 
valuaa  of  Zg/d  In  the  axlaysaMtrlo  eaae.  It  Is  apparent  that  a  consider¬ 
able  departure  froD  linearity  ooeure  for  aaall  values  of  z^/d.  In  the 
range  1.1  <  Zg/d  <  8.0,  the  theoretical  load  la  represented  quite  accurately 
by  the  power  laws  Zg^*375. 

4.3  Piacuaalon  of  the  Pieory  and  Coenjarlaon  with  Ezperlnent 

CEhe  analytical  results  presented  .above  conflict  soaMwhat  with  earlier 
dlak-iiftlng  eaperlments^'^  which  indloated  that  the  force  required  to 
lift  an  imbedded  disk  from  finely-divided  oaterlala  such  as  talc,  saccharin, 
etc.,  varies  approximately  as  the  .3/^  power  of  the  depth. 

Zn  order  to  cheek  the  validity  of  the  thaoratleal  coocluslona  for  dUa- 
tant  oaterlala,  dlak-lift'ing  experiments  were  Mndueted  using  glaaa  beads  of 
diameter  100  and  200  microns,  respectively.  The  apparatus  and  technique 
employed  In  theie  testa  are  deacribad  in  an  aarller  raport^*^.  The  results 
are  shown  in  Fiffire  4.3  >1.  Within  the  range  covered  by  the  eaq^rlasnta, 
the  agreenwnt  between  theory  end  e^qiarlaent  is  very  good. 

The  Bhear  strength  chareeterlstle  employed  in  the  theory  (Squatlon  4.1) 
was  also  (hacked  experimentally  for  the  200  micron  glass  beads  using  the 
apparatus  shown  In  Figure  4.3.2.  The  results  of  these  tests  are  ehown  in 
Fl®ir«  4.3.3,  lh.«  sheer  angle  obtained  from  the  test  date  is  0  -  26.6". 
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Sea*  oautiOQ  iM  Mcesaary  la  Intezrratlng  tbMe  ahaar  ttreogtta  BeaattYe- 
manta  teeauae  of  poatltle  limitatlona  in  the  eyparlanntal  tedmlqua.  it 
iKpeara  tiiat  «  dlraot  ahaar  teat  of  thla  typ«i  la  vliiob  a  tangential  ahear 
atreaa  la  applied  to  a  thin  layar  of  the  material  tmdar  teat,  aa  Indicated 
la  Figure  4.3>2,  may  eonatrala  the  material  ao  aa  to  prevent  nattural  ahear 
failure.  Another  difficulty  vlth  thla  type  of  teat  la  tiiat  alnca  the  atata 
of  atreaa  la  the  horlaontal  plane  la  not  defined,  the  natural  ahaar  angle 
cannot  he  Inferred  from  the  teat  reaulta.  In  eplte  of  theae  poaalhle  abort* 
eonlnga,  direct  ahaar  ieata  ahould  ha  aatlafaetory  for  oeaBurlng  the  rela¬ 
tive  ahear  atrengih  of  gramilar  and  particulate  materlala. 

In  ocoiparing  the  hehovler  of  dllatont  materlala  ocnipoaad  of  relatively 
large  partlolea  vlth  that  of  finely-divided  organic  povdera,  It  la  ohaerved 
that  the  dUatant  materlala  tend  to  flew  vhareaa  the  latter  materlala  often 
exhibit  a  tendency  to  hreah  tqp  and  fon  Iwiipy  aggregate!  Vhen  dlaplaeed. 

Thla  difference  In  handling  qualities  may  be  attributed,  at  least  In  part, 
to  tvo  fuqdamestal  faotorat  (1)  ocn^aotlbility  and  (2)  Intexpprtloulete 
forcM.  nie  role  played  by  intexpertloulate  forces  la  difficult  to  Iso¬ 
late  from  other  factors  when  dealing  with  finely-ground  pewdera.  However, 

It  la  'entirely  feasible  to  generate  controlled  intexpertiele  forces  among 
relatively  large  rigid  partlolea  such  aa  glaaa  beada  or  atael  shot.  Since 
theee  materlala  are  dilatant,  tha  Influanee  of  ooopaetion  la  aliminated, 
thua  enabling  a  atudy  of  the  effects  of  Inteipartlele  forces  oa  the  be¬ 
havior  of  particulate  aatarlala. 

By  conducting  es^rlmanta  with  such  materlala,  It  is  believed  possible 
to  gain  conaldaxabla  Insist  into  factors  reaponalble  for  the  handling 
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chaneterlitlc*  of  toy  juterlol* »  Aeeortoagly;  t««to  of  thl*  notuio  oro 
ploonod  in  fixtiir*  work*  At  tko  omb  tlao,  an  effort  vill  Ise  nade  to  extend 
the  theory  doeorlbed  herein  to  inolude  effect#  of  latexparticle  force#. 
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5.  1IIVEB7I(!A.TICH(S  OF  PROnSBVXEB  CF  SUJRBISS 

During  thlB  laporting  psrlod,  tli«  visaoilty  and  thannal  oemductiTlty  of 
four  agg  slurry  saaQtlsB  vara  dataziaiBad>  Additional  infomation  on  tha  rheology 
and  density  of  Sa  slurrlas  in  a  liqjuid  fluoroobasilcal  vaa  ottalned. 

5.1  Properties  of  Egg  Slurrlea 

Ths  viseoslty  of  four  agg  slurrlas  (W.E.S.  #1,  #2,  #3  and  #4)  vas  ra- 

dsteiBlnad  using  a  nav  ahlpsant  of  frosea  ssasples  reealTod  froa  Fort  Datxlok.  1 

I 

One  of  the  agg  slurrlas  used  for  pravloualy  reportod  viscosity  dstantlna- 
tlons^*^'^  eontaii»d  large  solid  particles  vhloh  clogged  the  capillary  vis-  j 

oonetar,  theiehy  preventing  attainaant  of  aaanlngful  aaasuxeaants .  Currant  j 

data  on  tha  othar  thrsa  saaplaa  are  pnsantad  for  conparlson  purposes  •  | 

Tha  new  agg  slurry  ssoploa  also  vara  used  In  tha  datamlnatlon  of  ther-  | 

t 

aal  conductivity  as  a  function  of  temperature. 

5»1.1  Viscosity  of  Egg  fllurrles 

’  The  egg  slurry  samples  designated  W.B.S.  #1,  #2,  #3  and  vara  evalu¬ 
ated  using  an  Ostvald  capillary  visocnster.  The  tvo  most  viscous  slurrlas 
(W.Z.S.  #1  and  i|*2)  were  also  evaluatad  in  a  concentric  cylinder  rotational 

vlscooBtcr  (modified  Stoxtwr  visooMtar). 

Sample  V.E.S.  #1>  whan  analysed  In  the  Stoxsar  visoometar  at  20*C«  vas 

found  to  ha  nen-Heirtonlan  In  tha  shear  rata  range  of  32  to  3i0  nno 

apparent  visoosltlea  at  different  shear  rates  im  presented  In  Tshls  ^.l.l. 

^Tia  "oenaral  NiliiT^port  Ho.  2l6l,  Second  Quarterly  Progress  Bsport  on 

Dissemination  of  Solid  and  Id^d  9(  Agents  (l^lasslfiad  title)  Feh. 

13,  1961,  p.  81  (Confidential). 
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lABIS 

AFBUBin  Viscosm  (F  V^.8.  #1  VEDSUS  SHEAR  RA3Z 


Shear  Sate 
(aec**^) 


Apparent  Viaeoalty 
(eentlpoiae) 


32 

79 

134 

190 

251 

310 


$6.6 

46.2 

4l.O 

38.5 

36.5 

35.5 


apparent  viscosity  deteinlaed  Is  the  Ostvald  vlsccneter  vas  43 •!  oantl> 


polae. 


Sample  V.EiS.  f2  also  vas  found  to  exhihlt  nos-Hevtonlan  fleer  behavior 
In  the  StoxBor  vlaoooalmr  at  20*C.  Table  5.1.2  shenra  the  variation  In  appar¬ 
ent  vlacoaity  vlth  shear  rate  for  this  sluiry. 


TASUE  5.1.2 

APFABBIIT  Viacosm  OP  W.S.S.  #2  VRBBUB  SlSiAR  RATE 

Shear  Bate  Apparent  Vlaooalty 

(aec"l)  ( centipoise ) 


78 

165 

299 

419 


7.5 

11.0 

12.2 

13.1 


The  apparent  visooslty  obtained  in  the  Ostvald  vleccoeter  vas  7*79  centipoise 


at  20*0. 


Flsure  5. 1.1  is  a  plot  of  the  ahaar  rata  versus  shear  stress  data  ob¬ 
tained  from  the  Stomsr  vlsoooster  on  saan^les  W.C.B."#!  end  #2. 

The  visooslty  of  slurries  W.R.8.  #3  and  #4  was  too  low  to  be  accurately 
evaluated  in  the  Stonier  vlsoomater.  At  20*C.  values  of  1.66  and  1«35  eenti- 
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poise  vere  detexniaed  la  the  Ost¥Ald  vleocneter  for  the  i^sparent  vleeoeltlae 
of  Blurrlee  V  J.S.  #3  and  respeotlvsly. 

5*1*2  Tbeinal  Conductivity  of  Egg  SluxTlea 

The  tbexBaJ.  conductivity  of  egg  slurry  saiirplas  V.I!.8<  #1,  #2^  #3  and  #4 
v«B  dateaload  using  the  expeiioflatal  apparsrtus  end  technlqma  described  la  on 
earlier  report.  *  *  The  thexnal  conduotlvlty  cell  (Figure  3>1*2}  contains 
two  liquid  canisters  which  are  foisMd  by  three  copper  discs.  a!he  upper  can¬ 
ister  vaa  filled  with  a  reference  liquid  (water)  and  the  lower  canister  with 
one  of  the  four  egg  slurries  under  teat.  Water  vas  chosen  as  a  reference 
liquid  because  Its  themal  conductivity  is  well  known,  and  its  absolute  value 
was  believed  to  be  close  to  that  of  the  egg  slurries.  IThs  iqpper  solid  line 
in  Figure  3.1.3  is  the  average  value  for  the  themal  oonductlvity  of  water  as 
reported  in  the  literature,  and  tha  dotted  lines  represent  the  ninlann  and 
Baxlaua  vad.ues  which  have  been  found.^*^*^ 

By  placing  the  cell  on  its  side  with  the  copper  discs  in  a  vertical 
position,  the  cell  was  SMily  flUtd  without  entrapping  air  bubbles .  Liquid 
vas  slowly  forced  intolha  cell  frost  the  bottcD  until  the  canister  overflowed. 

!Che  oanister  openings  wore  then  sealed  and  the  cell  vas  Inserted  into  a  8ty- 
rofoaa  insulation  sleeve  .  Oonstant  tengperature  water  froa  a  large,  ooastant 
teaperature  bath  vas  circulated  thnni^  the  beat  sink.  Headings  fron  the  six 
thexnocouplss  in  the  copper  discs  vers  cheeked  periodically  for  about  forty- 
five  minutes.  When  no  fUitber  change  la  temperature  vas  noted,  the  teaqperature 
drops  aci’oSB  the  canisters  were  recorded. 

5.1.2  Qeneral  Mills  Heport  No.  2200,  Third  Quarterly  Frogrsss  Bsport  on  Dissemi¬ 
nation.  of  Solid  and  Uq;uld  BW  Agents  (Unclassified  title)  May  15,  1961, 
pp.  56-  5l  (Confldantiid). 

5.1.3  International  Critical  Tables,  Vol.  5,  p.  227 
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ana  ttrAiaanmpa  itfMtm  ^*T*s  amou 


Thezmal  CoaSustl'vlty  (cal>cB^BCc>CB?-*C)  x  10^ 


ITha  cell  WM  by  filling  both  oanletars  vlth  doublt-dlstlUed 

vater.  ResoltB  af  tha  oaaibzatlon  xevaalod  a  2  pareent  aystaoie  arror  aa  etl- 


culatad  frcB  tba  following  raXatlonabipa  which  vara  praoent^  in  an  aarliar 
raporti^*^'^ 


At* 


(5.1) 


where:  g  ■  heat  flux  through iha  call 


Xhiui 


and: 


■  thermal  oonftuet^vlty  of  vatar 
Kg  tbarmal  oonduotlvlty  of  Blurry 
At^  -  taaparature  drop  acroaa  tba  water  layer 
Alg  -  tanperature  drop  aeroea  tha  slurry  layer 

A  «  ana  through  which  heat  flews  (sgual  for  both  llqti<^B) 
Ax  «  distance  batvaan  the  discs  (aqpal  for  both  llgulds). 

K,  Al,  .  K,  At. 

Kg  » 


ATv 

A'ii 


(5.2) 

(5*3) 


la  calibrating  with  water  in  both  canisters.  Kg  ■  K^  and  thanfora  it  would 
be  expaetad  that  At,  ■  Al!^.  Botravar,  a  larger  taaparature  drop  was  raoordsd 
across  the  upper  canister  for  all  runs  regardless  of  whether  the  Been  tas^ra" 
tun  of  the  water  in  either  layer  was  above  or  below  the  sDblent  tanperature. 

In  each  ease,  the  error  ebuld  be  accounted  for  by  applying  a  ooireetlon  factor 
ae  follows I 

ATw 

_  (0.9786).  (5.^^) 

5.1.4  General  Mills,  Inc.  Report  2200,  Third  Quarterly  Progress  Report  on 

Pissenlnatlon  of  Solid  and  Li^d  BV  Agents  (ifiaclaasified  title)  May  15, 

1961,  p.  59  (Confldeatlal). 
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It  Iwi  b«ftn  caleulKtad  that  If  the  dlataiue  between  the  dlehe  of  the  ui>per 
layer  exoeeded  the  thlokseea  of  the  lower  water  layer  by  0*002  inch,  this 
dtfferenoe  could  account  for  the  emeletent  error*  Such  a  ewail,!  variation 
in  tbloknesB  ia  beyond  the  ability  to  Deaeure  once  the  cell  la  asseobled.  In 
view  of  the  eonatancy  of  the  errors  Iqnatloo  ?*4  was  need  calculating  the 
thantal  oonduotivlty  of  the  egg  alurry  aaa^lee* 

Ihe  thexnal  conductivity  of  egg  alurry  aaaplea  V.E.5*  #1;  #2^  #3  and 
are  pxeaented  in  Table  5*1  *3* 


lABIX  ^.1*3 

TBBHHAL  CONDUCTIVm  CV  ZOO  SLUBRI  SAMFISS 


Tem. 

iSL 

'  Kgx  103 

( cal-cm/aee-cn  >*C.) 

Teog). 

K.X103 

.  ( osl-ci/seo-cB'-'C) 

5.9 

1.069 

1.105 

15.9 

1.102 

6.0 

1.092 

22*9 

1.133 

18.9 

1,188 

31.5 

1.182 

22^6 

1.199 

32.2 

1.182 

25.9 

1.206 

V.E.8.  #3  , 

.  K,x  icr 

(cal-cn/8ec-co“-*C ) 

26.2 

1.228 

s 

W.E.g.  #4 

Kbx  itr 

( cal-ca/Bac-csi***C ) 

Ton. 

Tamp. 

(•c) 

6.0 

1.213 

'6.8 

1.265 

u.d 

1.277 

10.9 

1.299 

12.7 

1,277 

19.1 

1.329 

19*6. 

I.32& 

2k. 3 

1.355 

2k.  3 

1.329 

24*9 

1.367 

29.0 

1.357 

27.9 

1.391 

32.4 

1.418 

The  data  of  Table  ^.1*3  axe  preaented  in  graphical  foxB  in  figure  5*1*3< 
The  atrai^  lines  throuZb  the  ezperiawnteCL  points  were  calculated  by  the 
oetbod  of  least  squares  and  appear  to  be  an  adequate  xepxese&tation  of  'the  data* 
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All  of  the  llaae  here  approxloataljr  the  seaie  elope,  end  the  thaznel  caeduc- 
tivlty  value®  of  the  egg  elurry  Basqplea  ftdl  vithln  a  range  hatveea  70  and  97 
percent  of  the  value  for  water. 

5.2  Rbeologlaal  Behavior  of  fa  Slunlee 

Additional  InAizmatlon  on  the  flow  charaeterlatleB  of  @a  slurries  in  a 
fluoiocheailoal  llqjaid  have  been  detexnlned.  lS:e  density  of  these  slurries 
has  been  measuzed,  and  an  apparatus  has  bean  designed  and  is  being  built  to 
study  the  flow  behavloi  throu^  capillary  tubes. 

5.2.1  Effect  of  Surface  Active  Agent  on  the  Rheology  of  Sto  Slurries 

Previously  reported  results^*^*^  on  the  flow  behavior  of  Sn  slurries 
were  obtained  with  ssnples  containing  a  surface  active  e^nt  designated  L-lldl 
and  aanufaetured  by  Minnesota  MltULng  and  Manufacturing  Cooqpany.  IHiis  fact  was 
inadvartently  omittsd  froa  the  discussion  of  esperlnsntal  results.  !lhe  surface 
active  agsnt  was  especially  coegiounded  by  3K  for  uss  with  their  fluorodwmical 
liguidi.  Samplee  have  been  sent  to  Tort  setrieK  for  determination  of  eonpatl- 
biUty  of  the  agent  with  blologloal  smterlals.  (hie  tenth  of  one  percent  by 
wpl^t  of  the  fluorochenloal  liqjild,  PC-75#  was  used  in  the  preparation  of 
slurries  for  the  earlier  theological  investigations.  It  was  assumed  at  the 
start  of  those  investigations  that  a  surface  active  agent  would  be  needed  to 
prevent  phase  sepsuation  since  a  small  amount  of  8m  added  to  PC-75  end  blended 
thorCughly  came  out  of  suspension  rapidly.  Investigations  conducted  during 
this  report  period  have  been  dsaigned  to  detsznine  the  stability  of  thloh  Bm 
slurries  without  a  surface  active  agent,  and  the  change  in  rhaologleal  proper- 
ties  caused  by  the  emission  of  this  agsnt. 

5.2.1  General  Mills,  Ine.  Heport  Ho.  2200,  Ihird  Quarterly  Progress  Report  on 
dissemination  of  Solid  and  Liquid  air  Agsnts  (ihaclasslfled  title).  May  15, 
1961,  pp.  62-75). 
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An  attempt  also  vae  to  aeafuz*  the  vlsaoalty  of  Sa  elurrles  con¬ 
taining  a  eonoentiation  of  solids  greater  than  25  percent  bjr  veic^t,  the  tapper 
limit  previously  investigated* 

The  aaae  technlqpia  vaa  followed  in  preparing  the  slurries  which  has  laeen 
reported  pfevlouslyi  except  that  no  surface  aotlve  agsnt  was  added.  Basalts 
indicated  that  the  apparent  viaooalty  of  alurries  without  additive  was  strongly 
dependant  upon  aaohanlcal  history,  iharefore,  it  vaa  necessary  to  obtain  ini¬ 
tial  oanaistenoy  ourvaa  at  increasing  and  dsoraaaing  shear  stress  as  wall  as 
oOneistsncy  curvas  after  extended  periods  of  shearing  at  a  constant  shaar 
stress.  The  initial  consistency  curvaa  indicated  that  thiok  slturries  (2$  per¬ 
cent  by  weight  fin),  subjected  to  only  a  small  saount  of  prior  shaikrlng,  ex¬ 
hibit  thixotropy,  l.s.,  apparent  viscosity  decreases  with  shasur.  Hcwsver, 
upon  shearing  these  slurries  for  sxtended  periods  of  tins  at  a  eaostant 
shaar  strsaa,  the  initial  trend  toward  a  decxeaee  in  apparent  visoosity  la 
reversed  and  the  apparent  viscosity  begins  to  Increase,  nils  latter  phenone- 
non  is  called  jheopexy.  According  to  the  literature,  rhsopexy  can  be  ex¬ 
hibited  by  suspensions  which  contain  anisoaietrle  particles.  The  Inorsase  in 
apparent  visoosity  is  bslieved  to  be  oaussd  by  shear-induced  orientation  of 
anisasstrlc  partides.  BheopecUc  materials  have  been  observed  to  retain  this 
orientation  for  considerable  periods  of  time  following  the  zemcrval  of  the 
shear  stress. 

Consistency  curves  for  Sn  slurries  without  a  surface  aotivs  agent  and 
containing  16.7,  25.0  and  28.6  percent  by  welt^t  Bo  are  presented  in  Tigure 
5.2.1.  All  data  were  obtained  at  a  temperature  of  20*C.  The  expenmental 
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.2.1  caBiaraci<wHVEsraj.rara^w^ 


dAt«  Hill  eh  ware  obtained  shortly  after  the  aluny  had.  reached  the  eqiuillbrliaii 
teoperatiire  of  the  bath  are  mpresented  by  solid  lines  in  ngure  5.2.1.  The 
consietency  curves  obtained  after  extensive  shearing  axe  represented  by  broken 
lines. 

It  vaa  found  that  slunrles  containing  16.7  percent  by  weight  Bta  have 
nearly  the  eaae  consietency  curve  with  or  without  the  surface  active  agent. 
Fuxthetaore,  the  eonaistency  curves  obtained  at  increasing  and  then  decreas¬ 
ing  shear  streae  agree  gplte  well  for  both  slumesi  but  with  soeie  slight 
evldanee  of  thixotropy  in  the  case  of  the  slurry  without  additive.  After 
ahaarlDg  the  slurry  eootlnuously  for  3000  revolutions  at  a  shear  streds  of 
about  200  dyxtes/oa^,  the  curve  was  shifted  toward  higher  apparent  viscosity. 

A  slurry  containing  no  additive  and  25  percent  by  weight  Sm  initially 
exhibits  considerable  thixotropy  ee  evidenced  by  the  form  of  the  consistency 
curves  obtained  at  increasing  and  then  deoxeaslng  shear  etreea.  After  shear¬ 
ing  continuously  for  300O  revolutlcnas  et  a  shear  stress  of  about  1100  dynes/ 
CD**;  the  curve  is  shifted  considerably  toward  higher  apparent  viscoBlties. 
Thus,  the  phanoBienon  of  rheopexy  beocmes  more  proolnent  with  inereaslng  solids 
concsntratlon. 

The  consistency  curve  obtained  on  a  slurry  containing  no  additive  and 
28.6  percent  by  weight  Bn  is  also  presented  In  Flgura  5*2.1.  This  sl^lrxy  was 
much  too  thick  to  handle  in  the  coaxial  cylinder  viseotaeter.  The  apparent 
high  yield  point  made  it  difficult  to  remove  air  trapped  below  the  bob  xqpon 
limereion  and  prevented  the  slurry  frem  flowing  over  the  top  of  the  bob  when 
it  was  lowered  into  the  cup.  The  curve  presantad  was  obtained  at  increasing 
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stx«B8  an&  prolKihly  la  only  a  aruda  repnisantatlon  of  tha  true  flew 
baliavior.  Attampta  will  lia  nada  in  tba  future  to  olitain  data  on  Umb9  thicker 
alurrlea  tiaing  capillary  viacoeietry< 

Hinlaun  yield  points  for  SB  slurries  oantalolng  16>7  aod^  25  percent  hy 
vel{^t  of  solids  are  Indicated  on  the  shear  stress  axis  of  Figure  5.^.1. 

These  values  vers  ohtalDed  by  Increasing  the  torgua  to  the  critical  value 
vhlch  would  Induce  rotation  of  the  bob,  even  though  rotation  would  subsequently 
cease . 

nie  change  in  appsu^nt  visooeity  with  shearing  for  the  25  percent  by 
weight  SB  slurry  is  presented  in  Figure  5«2«2  in  terms  of  change  li)  shear 
rate  with  number  of  bob  nvolutiona.  As  was  stated  previously,  the  saaple 
was  sheared  for  3000  revolutions  of  the  bob  at  a  constant  shear  stress  of 
about  1100  dynea/ea^<  Both  the  initial  thixotropic  behavior  and  subseqpent 
rheopexy  are  evident  from  tb:l  s  figure. 

Ouservatlon  of  the  slurry  saiaples  after  cce^letlon  of  the  tests  revealed 
no  viaual  evidence  of  pbasa  Beparation  of  the  am  and  Fv»7?. 

ypon  discovering  the  rbeopsctic  behavior  of  these  concentrated  Bm 
alurrlee  without  surface  active  aigent,  en  investigation  was  made  of  the 
amount  of  FC'75  liquid  vhlch  evaporated  fren  the  slurry  during  the  experiment. 
Hie  results  shoved  that  a  change  In  slvirry  concentration  frem  25. 0  to  25.2 
percent  could  be  expected  during  the  time  period  of  the  experiment,  such  a 
■ntaji  change  cannot  aocoimt  for  the  Increase  in  apparent  viscosity  with  time. 
Thersfore,  the  phenooexian  of  rheopexy  Is  a  real  characteristic  of  fim  slurries 
without  additives,  osie  initial  yield  point  and  thixotropic  behavior  of  these 
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slurries  is  probably  dus  to  tbe  break-up  of  floeoulsted  partiales>  aitd  tbs 
subsequent  xbeopeetlc  behavior  to  tbe  orientation  of  anlsooetric  Sm  particles 
upon  additional  shearing. 

The  complexity  of  the  flow  behavior  of  Sa  slurries  without  surface  active 
agent  renders  impossible  the  extrapolation  of  flow  data  obtained  frem  siqperi- 
aents  in  the  coaxial  cylinder  visoamater  to  flow  behavior  throu^di  tubes  and 
orlfl.  Therefore,  future  experiments  will  be  confined  to  investigating  flow 
throu^  capillary  tubes. 


5.2.2  Apparatus  for  Caplllaiy  Visaometry  fltudles 

Capillary  viscooetry  will  be  employed  to  extend  tbe  xheologlcaJ.  inves¬ 
tigation  of  Sm  slurries  to  higher  shear  rates  and  greater  solids  oonoentratioa. 
Because  Ot  slurries  are  non-Nevtonlan  fluids,  a  range  of  shear  stresaes  must 
be  used.  This  will  be  accomplished  by  varying  the  pressure  drqp  across  tbe 
capillary. 

Th*  that  will  be  used  la  being  constructed  at  the  present 

5  2  2 

time.  It  is  Teix>rted‘^'  ’  to  be  convenient,  absol.ute  and  accurate  and  is 
capable  of  covering  a  vide  range  of  shear  stress  in  a  single  deteznlnatlon. 

The  apparatus  is  shown  schematically  in  Figure  5.2.3.  A  column  of  mercury 
forces  the  sample  through  the  capillary  tube.  Measurement  of  the  height  of 
the  mercury  column  as  a  function  of  tlxoe  yields  both  the  pressure  drop  and 
flow  rate. 

The  relation  between  the  shear  stress  X  and  the  shear  rate  f(T)  for 


this  instrument  is  given  by: 

fit)  m 

T;  B  9.212  m2  at , 

5.2.2  Maron,  B.,  J.  Krleger  and  A.  Sisko.  J.  Appl.  Ibys.  2|:  971  (I95t) 


(5.5) 
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whare: 


d  log  h 
dt 

h  «  hai^  of  marouiy  otilumn 
t  K  time 
B  H  constant. 

5*2.3  PanaltlaB  of  So,  BlurrlaB 

In  order  to  pannlt  calevilation  of  tbs  vsl^t  penalty  inirolved  in  slurry 
systeaa  as  coB^rod  to  dry  povder  stores,  daaslty  msaatureaants  of  Sd  In  FC-75 
for  various  solids  concentration  have  been  zaads  at  20.0*C.  rrem  this  data  tlie 
veli^t  of  biological  material  per  unit  volume  can  be  calculated  as  a  function 
of  solids  concentration. 

1310  slurries  vers  prspavsd  by  vel^ung  the  ingredients  on  an  analytloal 
balance  and  then  mixing  thoroutfily  vith  a  perforated  plate  stirrer  vhich  vas 
described  in  the  previous  quarterly  report.  The  end  of  a  pipette  vas  inserted 
well  below  the  surface  of  the  slurry,  and  the  pipette  was  filled  by  applying 
sucticn  through  the  top.  Vhen  full,  the  pipette  was  sealed  at  both  ends  md 
weighed.  The  denaitlee  obtained  are  recorded  in  Table  5.2.1. 

TABIB  5.2.1 

IXBKSITY  OP  am  SLORRIZS 

Weight 

percent  of  3m 
0 

16.7 
£>0.0 
25*0 


Density  at  20.0*C 
(an/cm3) 

1.77  at  2yc 
1.66 
1.62 
1.56 
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6.  BOUBDARY  LAYZR  STUDIES  ^ 

Orovth  of  the  boundary  layer  on  the  diaaeminatlng  store  la  of  consider' 
able  interest  in  this  prograoi  because  the  performance  of  the  disaenlnator  | 

may  be  substantially  affeoted  by  the  local  flow  conditions  at  the  point  of  | 

j 

release  of  the  agent.  A  knowledge  of  the  boundary  layer  growth  la  useful  \ 

In  (a)  selecting  a  suitable  location  for  rhe  discharge  of  the  disseminating  ! 

store,  and  (b)  correlating  tho  results  of  ejqperlnents  in  a  wind  tunnel  with 

j 

the  performance  of  a  full-size  store  under  flight  conditions. 

In  Section  6.1  below,  calculations  of  boundary  layer  growth  on  an  air-  | 

craft  store  are  presented.  In  Section  6.2,  calculations  of  boundary  layer  ! 

I 

growth  in  the  wind  tunnel  are  given.  This  Information  is  eonaldered  impor¬ 
tant  in  interpreting  the  reaulte  of  the  wind  tuiuel  deaggloneretion  atudiee 
discussed  In  Section  7*  !  i 

;  j 

6.1  Boundary  Layer  on  an  Aircraft  Store 

boundary  layer  thickness  on  an  NACA  aeries  6^A  store  of  fineness  I 

'  i 

ratio  8.0  was  celculctad  for  a  Mach  number  of  0.9  at  sea  level  with  sir  ’  i 

I  i 

teiAperature  of  dO’F.  The  length  selected  for  these  illustrative  caleul- 

L 

atlona  was  17  ft.  Two  methods  were  used,  tbs  first  assumes  the  boundary 

i  i 

layer  is  similar  to  that  foimed  over  a  flat  plate  in  one-diaenslonal  in-  ' 

I  i 

compreaslble  flow  with  zero  atreamwlse  pressure  gradient.  For  this  case, 
the  thickness  of  the  boundary  layer  la  given  by  the  following  relations: 

5.  >  -  1  for  laminar  flow  (6.1) 

L  He, 

end 
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(6.2) 


(5^-  -  a  for  turbulent  flow 


where: 


Re- 


X  ■  dietenee  aeaeure  along  store  surface  in  flow  direction 
Vx 


V 


Reynolda '  number  based  on  % . 


As  the  boundary  Layer  develops  fron  the  stagnation  pointy  it  changes 
from  laminar  to  turbulent  at  some  location  x^  depending  on  the  etrean 
turbulence,  stream  Mach  number  and  the  surface  condition.  Xhe  point  of 
transition  was  determined  by  using  a  critical  Reynolds'  number  of  8000 
according  to  Reference  i.  for  this  Reynolde'  number,  tranaitioa  occurs 
at  approximately  0.01  In.  from  the  stagnation  polutj  thus,  for  purposes 
of  calculetlon  the  laminar  regime  wee  neglected.  The  boundary  layer 
thlckneee,  using  only  Equation  6.2  above,  Is  shovm  In  rig..  6.1.1  as  e 
function  of  dietenee  along  the  store  axis.  Equation  6  2  doee  not 
repreasst  the  actual  situation  near  the  W  V A point  and  for  this 
reason  the  curve  aterte  at  x  <>  >30  ft.  The  boundary  layer  separates 
from  the  body  at  some  point  beyond  the  bieximum  body  thickness.  Loaatlon 
of  the  separation  point  can  be  estimated  by  examining  surface  pressure 
distribution  data  for  the  store.  Such  data  was  not  available  for  this 
store,  however,  and  the  ssperstion  point  was  estimated  by  examining 
the  pressure  distribution  data  for  prolate  apberolde  as  given  In  Refer¬ 
ence  2.  By  this  method  we  find  that  the  boundary  layer  should  separate 

1.  Heaslet,  M.  and  Mitzberg,  G.,  Hh»  calculation  of  Drag  for  Airfoil  Sections 
and  Bodies  of  Reduction  at  gubcrltlcal  Speeds,  KACA  IBi  A7B06,  19^?. 

2.  Cole,  R.  I.,  Fressure  Dietrlbutlons  on  Bodies  of  Revolution  at  Subsonic 
and  Transonic  Speeds,  NACA  EM  L52D30,  1958. 
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from  the  body  st  between  00  and.  90  percimt  of  the  axial  chord.  By 
drawing  the  separated  stream  lines  parallel  to  the  store  axle,  the  slae 
of  the  turbulent  wake  can  be  approximated.  Actually,  the  wake  would 
converge  slightly,  because  the  static  pressure  in  the  wake  is  less  than 
the  free  stream  static  pressure.  !Ehe  boundary  layer  Is  drawn  to  scale 
on  the  store  shown  in  Fig.  6.1.2  for  comparison  of  the  relative  sisea 
of  the  boundary  layer  thickness  and  the  store.  Bffacts  of  pylon  boun~ 
dsry  layer  and  aircraft  wing  down  wash  are  neglected,  because  it  is 
assumed  that  the  boundary  layer  developing  on  the  under  side  of  the 
wing  and  on  the  pylon  will  not  be  thick  enough  to  affect  the  store 
boundary  layer  and  alao  that  the  store  will  be  mounted  ahead  of  the 
wing  down  wash  field. 

second  method  used  to  oslculate  the  boundary  layer  thickness 
Includes  the  compressibility  and  S-dlmenslcoal  effects  that  occur  in 
the  actual  situation,  nie  method  wos  presented  by  Snglert  in  Refer- 
3  Uiii  MU  eAtoaaiou  of  an  earlier  work  by  Xruckeabrodt  in  Reference 
4.  In  applying  this  method  It  was  necessary  to  start  with  the  pressure- 
distribution  data  and  deduce  the  local  Mach  number  and  sonic  velocity 
aloag  the  surface  by  assvmlng  Isentroplc  flow.  Pressure  distribution 
data  were  again  taken  from  Reference  2.  The  thickness  of  the  fully 
turbulent  boundary  layer  is  given  by: 

3.  Englert,  0.  V.,  Estimatioa  of  Compressible  Boundary  Layer  Growth 
over  Insulated  Surfaces  with  Pressure  Gradient,  MCA  TS  4022,  19^. 

4.  a?ruckenbrodt,  A  Method  of  Quadrature  for  Calculation  of  the 
Laminar  and  Turbulent  Boundary  Layer  In  Case  of  Plane  and  Bota- 
tionally  Symmetrical  Plow,  MCA  TM  1379>  1955. 
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(6.3) 


vhere: 


and; 


4 


a  ■  local  fr«a  atream  aonlc  velocity 
m  aonlc  velocity  at  atagnatlon 
m  klneBWtlc  vlscoalty  at  atagnatlon 
X  m  distance  along  flcnr  direction 
r  ■  body  radius  at  x 
Mg  >  local  free  atreaa  Hacb  nuuter 
^  e  ratio  of  specific  beats  of  air  m  l.kl 


(6  h) 


The  results  of  our  calculations  from  aquation  6.  3  AfB  also  shovn 
In  Fig.  6.1.1.  A  coaparison  of  the  boundary  layer  thickness  estiaations 
froa  pig.  6.1.1  shows  that  the  3*’dlaen8lODal  compressible  boundary  layer 
(Equation  6.  3)  la  thinner  for  x/L  <,  because  the  flow  area  nor¬ 

mal  to  the  surface  of  the  body  of  Mvolutlon  Increases  as  the  square  of 

I 

the  distance;  whereas,  the  flow  area  Increases  directly  with  the  distance 
above  a  flat  plate.  iRie  rapid  growth  of  the  coavresaible  boundary  layer 
for  x/L  >  0.36^  la  due  to  the  adverse'  pressure  gradient  and  the  onset  of 
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■bouadapy  layer  aeparatloa  ^loh,  according  to  the  ccn^presailjla  theory, 
ocoura  at  boom  poaltlon  beyond  x/l  >•  .7?. 

Velocity  dlstrlbutloa  within  the  boundary  layer  la  ahown  in  Fig. 
6.1*3<  Thia  dlatrlbutlon  vaa  calculated  from  Frandtl’a  empirical 


equation j 


m  the  following  aectioo,  thla  velocity  dlatrlbutlon  la  eoraparad 
with  that  exlatlng  la  the  wind  tunnel. 


6.2  Bouadai 


ar  in  Wind  Tunnel 


Boundary  thlekaaaa  predletiona  based  on  Equationa  6.1  and  6.3 
were  also  made  for  the  high-velocity  wind  tunnel  used  in  our  deegglom- 
eretion  studies.  Agreement  with  aeaaurensnt  for  thla  case  should  be 
^jod,  due  to  the  negligible  oompraasibility  effects  associated  with 
parallel- flow  along  the  tunnel  valla.  Reaulta  of  the  calculations  are 
shown  in  Fig.  €.2.1  for  the  vazioua  tunnel  Mach  numbers  used  in  our 
studies.  l4)catlon  of  the  agant  ejector  la  shown  on  tha  abclaala;  notice 
that  ejection  occurs  well  within  the  turbulent  flow  regline.  Ihe  tran¬ 
sition  to  turbulent  flow  occurs  approxlmtely  at  tha  location  shown  for 
each  of  tha  thxea  Mach  nuabera.  ihese  transition  locatlma  were  ob¬ 
tained  by  sBSuming  a  transition  Reynolde'  number  of  5  x  10^.  Transition 
to  turbulent  flow  nay  occur  earlier,  but  not  later-  than  tha  locations 
shown,  because  of  tha  moderately  large  free-stream  twbuleaca  in  our 
tunnel. 
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Along  Tunnel  Wallj 


A  cc^parlBoa  tetv«ea  tha  'boundary  layer  veloeltlea  oeourlag  in  the  I 

tiunel  and  on  tha  agent  store  for  a  tunnel  Haoh  nunber  of  0.8  at  the  i 

folnt  of  ajaotion  la  shown  in  fig.  6.2.2.  Agent  ejection  is  asiUBed  to  I 

occur  froB  the  aurface  at  one  half  the  axial  chord  (x  ■  8.5  ft.)  in  this 
exastple.  Both  boundary  layers  are  tuirtulent,  but  the  store  boundary 
layer  is  approxlaataly  10  times  thicker,  due  to  tha  greater  distance  | 

that  the  air  has  travolal  at  the  ejection  point.  The  effect  of  the  ’ 

I 

different  Weh  numbers  (0.8  in  tunnel,  0.9  for  store)  is  small. 

Fig.  6.2.2  indicates  that  the  vslooltisa  are.  ijulte  similar  in  the 
two  cases  at  distances  of  0.02  to  O.Ob  ft.  rroB  tha  surface.  This  re-  ‘ 

glon  is  of  oonaldsrable  interest,  since  it  has  been  found  that  the 
finely-divided  material  can  be  injected  approximately  this  distance. 

It  is  believed  that  the  resists  shown  on  Fig.  6.2.2  indicate  that  the 

deagglooeration  effects  measured  In  the  wind  tunnel  will  be  ell^tly 

oonsarvative  since  the  velocity  gradient  in  the  region  is  aeeentlally 

zero,  while  there  is  a  modest  velocity  gradient  indicated  for  the 

actual  fll^t  caea.  i 
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7>  DISSBCDIiUCICl  AUS  ISAOOLOMSRAHOR  SIU0Z88 

Studies  OD  the  dlaeemlnetlon  of  Sm  ehsulant  in  the  hi^-BUhsonle  velo¬ 
city  vlnd  tunnel  vere  initiated  diurlng  this  reporting  period.  A  series  of 
hl^  aotiM  pictures  vere  taken  of  the  sarosolizatlon  proeeae  vithln 

the  tunnel  and  saiqplas  of  Sn  vere  obtained  vlth  the  high  velocity  senpliog 
aystea. 

7*1  Motion  Picture  Study  of  8a  Disaaalnatlon 

Visual  observations  of  the  aerodynaisic  break-vv  process  during  tha  dis 
aeiaiaatlon  of  Sn  have. been  aeeoapllahed  by  photographing  the  area  of  injec¬ 
tion  inalda  the  vlnd  tunnel  at  .3000  franea  per  oeoond.  Ihe  photographic 
equlpiDent  enployed  in  this  vork  consisted  of  an  icaataiaa  Hlfpi  Speed  canera 
(Vo.  3)  etd  eo  Edgerton,  Oemeshausen,  and  Orier  In'c.  lighting  systea. 

The  latter  has  a  apeed  of  1.3/X  sec.,  vhlch  vaa  fast  enou^  to  stop  agglon- 
aretes  larger  then  0.1  bbb  in  these  pictures.  Tharea  factors  vere  investi¬ 
gated  in  this  study;  (i)  bulk  density,  (S)  tunnel  Mach  nuaber,  and  (3) 
aolsture  content. 

smgplea  froa  tvo  separate  batches  of  Sm,  "A***  and  vere  used 

in  this  vork.  ^e  materiel  vaa  injected  into  the  vlnd  tunnel  vlth  a  platen 
type  device  "  at  an  averega  velocity  of  >1^  maters/seo.  Ihe  aataples  vere 
prepared  in  three  different  bulk  danalties:  0.33,  0.43,  usd  0.^  gn/cc. 

At  tha  low  density,  the  material  vaa  in  Its  loose  form  while  at  the  higher 

*  Shipment  OBL  A-3416691 
**  Bun  Sl-8m-342 

7.1.1  Gleneral  MlUa  Report  Vo.  2161,  Second  Quarterly  Pxograse  Report  on 
"OlsseBlnation  of  Solid  and  Idi^ld  BV  Agents"  (unclassified  Title) 
Feb.  13,  1961,  p.  36  (confidential). 
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daaaltlas  It  via  coapaetad  Into  cylindrical  aluga*  O.63  eo  dla.>  by  itaing 
a  lev  friction  platon  davlca.  Since  compaction  studiaa  show  that  It  is 
necessary  to  form  conpresaad  slugs  in  stepwise  manner  to  assure  a  unlfoxn 
density  throu^out^  (see  Section  3  seven  steps  vere  used  and  each  seg« 
ment  vaa  compressed  to  a  length-to-dlamater  ratio  of  0.3*  Soeb  of  the 
density  groups  was  photographed  at  tunnel  Mach  nunbers  0.y>,  0,63t  «id  O.6O. 

!rhe  moisture  contents  vere  detaznlned  by  the  yiosdorf -Webster 
vacuum  oven  method*  Approximately  2  ^  of  Sm  was  filled  in  a  bottle  which 
had  a  Icuovn  tare  vel£^t.  The  sample  was  placed  in  an  oven  maintained  at 
^*C,  at  an  absolute  presaura  of  about  100  mleroas  of  mercury.  After  28 
hours  It  wee  weighed  again.  The  reductlcn  in  weight  of  Sa  divided  by  its 
original  val<^t  gave  the  molatura  content  which  for  am  "A"  was  J^.O  percent 
and  Sm  *'B"  1.0  percent. 

Tram  tha  standpoint  of  dlSBealoatlai;  an  Sm  moisture  content  of  4 
percent  ic  considered  to  be  hl^.  This  notion  picture  study  shews  that 
such  material  can  fon  strong  agglonsratas  which  are  difficult  to  break 
up  coisplstely  in  s  high  velocity  air  stream.  Thus,  the  inpnrtance  of  con¬ 
trolling  moisture  content  is  demonstrated  in  this  work. 

Figures  T-l.l,  7.1.2  and  7.1*3  show  injections  of  loess  Sm  "A".  Much 
of  the  material  appears  to  be  aerosolized  within  a  short  time,  3  fraoss  or 
0.001  see.  However,  them  are  some  relatively  large  agglomerates,  approx¬ 
imately  0.50  am  in  size,  which  seem  to  be  unaffected  by  the  air  streem. 

Hiase  are  shown  in  Figure  7.1.1,  la  t^e  upper  part  of  Trams  10. 

In  cempariBon,  Figures  7.1.4  and  7*1.  ^  show  that  sm  "B"  has  few  of 
these  hard  agglomeratas  and  the  material  seems  to  break  up  faster.  This 
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dlfferanca  la  attributed  to  their  aolature  contents  given  above . 

Figures  7.1.6,  7.1.7  and  7.1.8  show  the  dissemination  of  5a  “A",  cob- 
paotad  to  a  density  0.43  ®#/ce.  Note  that  tha  end  of  the  slug  Is  sheared 
or  eroded  very  rapidly  as  it  enters  the  air  stream.  Aerodynamic  break-up 
appears  to  be  as  satisfaotory  as  that  of  the  lover  density. 

The  results  at  density  0.1»9  (p*|/ee>  Tlgures  7.1.9,  7.1.10  and  7.1.11/ 
can  bo  compared  with  the  previous  group  to  show  the  significant  effect  of 
caqpaetlOQ  of  relatively  moist  8m  beyond  the  density  0.43  ss/co.  At  Mach 
nuitber  0.30,  tha  Sm  slug  protrudes  Into  'ttia  stream  an  estimated  0.3  cm 
before  being  broken  by  aerodynamic  drag  forces .  This  la  beyond  the  boundary 
layer  which  was  calculated  to  be  0.33  cm  thick  at  the  point  of  injection. 

As  the  compacted  places  flow  farther  into,  the  stream  they  break  up  rapidly. 
For* example,  note  the  change  between  Franas  li  and  6  in  Figure  7* 1.9. 

With  iacreesing  Mach  number  the  slugs  are  broken  up  closer  to  tha  tunnel 
wall.  Is  this  group  of  pictures  there  appears  to  be  a  si^iflcsnt  number 
of  particles  formed  in  the  0.1  to  0. 3  cot  size  range  which,  do  not  show  signs 
of  complstely  deagglameratlng.  Thus,  it  seems  likely  that  this  coibln- 
atlon  of  compaction  density  and  moisture  content  may  bs  beyond  the  limits 
for  satisfactory  dissemination  with  a  simple  injection-type  apparatus 
such  as  was  employed  In  this  atudy. 

Oenarally,  tha  maxlmim  particle  injection  distance  from  the  wall  into 
the  tunnel  dBcreases  with  inereeslng  ittch  number.  For  example,  in  Figure 
7.1.1  (M  -  0.5),  the  material  flows  out  as  far  as  2.0  cm  bafore  passing 
out  of  view,  while  in  Figure  7.1.3  (M  ■  0.3),  it  flows  to  1.2  cm.  It 
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should  h«  noted  here  that  Ssn  dbces  collect  on  the  vail  as  a  result  of 
Its  close  proxinlty. 

In  careful  study  of  these  pictures^  possibly  tvo  of  the  chief  mecha¬ 
nisms  by  vfaieh  deagglooeratloa  occurs  in  the  wind  tunnel  may  be  observed. 
Tiret,  it  appears  that  unequal  pressure  distributions  around  largs  slugs 
during  accalaratlon  cauae  them  to  break  up  suddenly  into  a  large  number 
of  finer  particles.  Figure  7.1*9 j  Frames  and  5j  shows  this  phenooenon, 
vhere  s  piece  of  slug  was  shattered  In  the  period  of  O.OOO3  sec.  It 
should  be  noted  that  this  mechanism  does  not  appear  to  fully  deagglomer- 
ata  the  material  In  this  case.  Ntmerous  particles^  on  the  order  of  0.2  mm, 
were  produced  in  the  process. 

Secondly,  the  mecbenlam  of  fluid  shear,  in  connection  with  fluid  boun¬ 
dary  layers  around  agglomerates  and  clusters,  is  considered  to  be  vary 
Important  in  dissemination.  It  causes  erosion  of  small  particles  from  the 
msterlal  during  the  eecelerstlon  process.  For  example,  Figure  7*1.1, 

Frame  16,  shows  clearly  the  formation  of  clouds  of  fine  particles  arouud 
clusters  of  Sm.  A  large  percentage  of  the  break  up  of  Sm  Into  Its  basic 
particle  size  appears  to  occur  In  this  manner*  Due  to  the  high  acceler¬ 
ation  of  these  flue  psrticlea,  the  cloud  la  oriented  In  the  downstream 
direction. 

The  motion  of  O.3  mm  agglomerates  has  been  traced  in  these  motion 
plcturea  to  determine  their  acceleration  in  the  air  stream.  For  the  flow  ' 
condition  Mach  number  0.5,  calculations  show  that  they  undergo  accelerations 
greater  than  3000  times  gravity.  Rvaluatlona  of  their  pressxire  and  friction 
drag  ooefflciants  Indicate  that  the  former  is  approximately  50  times  greater 
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than  the  latter.  (Ehua,  acceleration  la  prlaiarlly  caused  hy  non-uaifom 
pressure  distributions  around  the  agglcoarates. 

It  has  not  bean  dataznlaed  whether  fluid  shear  in  turbul'^nt'or  lam¬ 
inar  boundary  layers  Is  moat  effective  In  deagglooeratlonj  however,  It  Is 
a  well  imowa  fact  that  tha  shear  stress  at  a  boundary  la  higher  in  the 
former  case. 

7-2  3in  Dlasemlnatlon  -  Particle  Slsa  Distribution 

EJQ^rimants  have  been  conducted  to  detemine  the  degree  of  deagglom- 
erstlon  of  so  simulant  in  the  wind  tunnel.  In  these  studies  3n  "B”  was 
ln.}eated  at  an  approximate  velocity  of  I*  m/seo  into  sn  air  stream  main¬ 
tained  at  Mach  number  O.50.  The  resulting  aerosol  was  then  sampled  at 
a  dlstanca  of  67  cm  downstream  of  the  Injector  with  uhe  hl^  velocity 
sampling  probe  and  76  mm  Milllpore  filters. 

The  degree  of  deaggloasratioa  was  detarolnad  by  studying  tha  material 
under  a  olcroscopa.  Sesnents  of  the  samples  were  prepared  for  tha  observa¬ 
tions  by  inverting  them  on  slides  and  dissolving  the  filter  material  with 
one  drop  of  acetone.  By  sealing  a  cover  slip  over  tha  sample,  good  parti¬ 
cle  contrast  could  be  maintained  for  long  parloda  of  time.  The  analysis 
was  made  by  first  scanning  the  prepared  slldas  to  determine  the  type  of 
particles  that  were  present.  Agglomerates  could  be  distinguished  from 
basic  particles  so  that  a  qualitative  understanding  could  be  obtained  of 
the  degree  of  deagglomeratlon.  The  seocmd  step  was  to  determine  the  parti¬ 
cle  size  diatribution  (by  number)  of  the  sample. 
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These  tests  indicate  that  dry  (one  percent  moisture)  sm  with  a  density 
of  about  003  gn/cc  can  be  dlsaeminated  to  produce  an  aerxssol  in  i^e.vlnd 
tunnel  which  la  fully  deaggloaeratad>  Tba  aamplss  vers  found  to  consist 
of  basic  Sm  particles.  On  a  number  basis,  where  the  statistical  Martin's 
diaaeter*'  was  measured  with  a  Filar  micrometer  eyepiece,  approximately 
90  percent  of  the  particles  were  smaller  than 

This  work  will  be  continued  with  both  loose  and  compacted  3b  at 
air  stream  velocities,  Haoh  O.3O  and  O.8O.  The  results  should  provide 
■  good  understanding  of  the  degree  of  deagglomeration  of  dry  Sm  In  a 
hi£^  velocity  alrstieam. 

*  length  of  a  line  Intarcsptad  by  the  particle  profile  boundary  which 
approximately  biseote  the  area  of  the  profile.  The  measurement  is 
taken  in  the  sane  direction  for  all  particles. 
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3.  A  STUIV  or  IBS  SmCT  OF  CCKPACTIQS  Off  THS  VIABUm  OF  A  IBX  aZHUSAIT 
MA!C8RIAL 

Otir  %lrd  OMarterly  Frognss  Report  lacludal  a  study  of  the  lt)fluence 
of  effective  fllllag  density  on  aerodysaaic  drag  of  solid  agent  exteical 
stores  •  The  fllllag  density  is  a  product  of  tha  oean  hulk  density  of  a 
finely-divided  solid  agent  and  the  fraction  of  the  total  voluiae  enclosed 
by  the  skin  of  the  store  vhlch  la  occupied  by  the  agent,  ihls  study  pointed 
out  that  drag  is  nlnlalzed  if  the  external  store  has  a  large  filling  den¬ 
sity.  From  a  structural  point  of  viev^  it  la  desirable  to  have  the  store 
as  small  as  possible.  It  can  be  conuluded  from  this  that  It  is  desirable 
to  use  tha  moat  dense  agent  that  can  be  produced. 

Our  work  on  the  physical  characteristics  of  powders  shows  thst  ths 
hl^ar  powdsr  dansltlss  require  increasing  bitter  coaipaetion  forces.  Pre¬ 
liminary  work  by  Fort  Detrlck  auggasts  that  theae  high  compaction  forces 
may  greatly  reduce  the  viability  of  agent.  To  explore  tha  effects  pro¬ 
duced  on  a  alaulantj  a  aeries  of  coapactlon-vlablllty  tests  using  Sm 
have  been  initiated. 

Figure  8.1  shows  ths  ecQpaction  device  vhlch  was  fabricated  for  the 
compaction-viability  teats.  It  Is  oomposed  of  five  separata  parts t  the 
baaa^  cylinder,  closure  plug,  platon,  and  funnel.  This'  particular  deaiffi 
was  chosen  to  allow  for  accurate  density  measurement,  eaae  of  applying 
a  load,  ease  of  handling,  and  provlaiona  for  keepLig  llte  agent  under 
test  sufficiently  cool.  Cooling  was  coaaldered  a  Inca  viability  may  be 
greatly  affected  by  the  haat  generated  during  campression. 
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ell  testa  asds  to  date  the  convaotioa  device  end  Sm  vas  hrou^^t 
to  approximately  .4*C  prior  to  conducting  the  tests  at  rocn  temperature. 
Qlhis  has  appeared  to  ha  adequate  cooling  for  the  lew  loading  rate  used 
in  these  tests.  !Ihs  procedure  is  to  Insert  the  closure  plug  into  the 
cylinder  and  in  turn  insert  these  into  the  hasa.  The  8a  la  poured  into 
the  cylinder  in  small  lots.  Tests  in  this  type  apparetua  have  ahom 
that  denaity  decreasea  vlth  dlatance  frea  tha  piaton.  To  keep  the  den¬ 
sity  veriatlon  acceptably  aotll  the  pellet  vaa  foxiaed  in  layers,  each 
about  1/3  the  23O  ng  total.  The  piston  vaa  then  inserted  and  slowly 
loaded  with  the  mass  capable  of  producing  the  desired  density .  The  pla¬ 
ten  vaa  removed  and  the  procedure  repeated  until  the  full  230  mg  pellet 
vaa  formed. 

!Ibe  length  of  the  pellet  vaa  naaaurad  with  an  optical  haifdit  gaga 
BO  that  the  volume  end  aubaequently  the  denaity  of  the  test  pallet  could 
be  determined.  The  reaulting  pellet  vaa  next  valghad  and  placed  into  a 
diapersing  solution  from  vhlcb  viability  assaaaaenta  vere  conducted. 

Compaction  tests,  using  loading  rates  as  lov  as  I6  grams  per  second 
and  piston  loads  up  to  approximately  I6  etmospherea,  gave  8m  densities 
up  to  0.63  grams  per  cubic  centimeter.  Preliminary  results  suggest  that 
the  effect  of  •Toipactioo  on  viability  is  not  excessive.  Based  on  the 
procedure  described  above  and  a  content  ses^le,  it  appears  that  the  via¬ 
bility  recovery  of  Sm  may  be  aa  high  as  dO  percent.  Further  testa  are 
currently  being  meds  to  fixmly  establish  this  ccopactlon-viabllity 
relationship. 
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To  olitaln  a  aiaaerleal  evaluation  of  target  area  coverage  aa  a  func¬ 
tion  of  the  varioua  saraaatera  (flow  rata,  aaroaol  4iffualoa,  hai^t  of 
releaoei  etc.  )i  the  appropriate  equations  vers  progranmed  on  a  Bsndlx  9-1^ 
digital  cooputari  ^e  nodal  used  voa  slallar  to  the  one  used  hy  North 
American  Aviation^  Ine.;^  but  with  a  different  aiqpTesslon  for  the  lethal 
dosage  as  a  function  of  down  wind  distance.  The  model. used  In  this  re¬ 
port  Is  the  one  due  to  K.  Calder  vlth  the  additional  nodlfieatlon  of  a 
variable  decay  rate.  The  symbola  used  are  defluad  In  Table  I  below. 

Ve  assutsa  that  the  plane  is  flying  crosswlnd  and  disseminates  a 
line  source.  The  line  source  strength  Is  given  by: 


V 

Assuming  that  this  line  source  la  effectively  infinite  In  length,  we 
obtain  the  ground  level  lethal  dosage  vis  the  equation; 

-  (2/7T  q/cX  uCx/xi)^  ]  ^ 

asp  ^  -  decay  factor. j 

We  have  o  variable  decay  rata  and  the  ''decay  factor"  la  assumed  to  be 


(9.1) 


(9.2) 


for  0^  ^  0.5, 

u 

.01  -  0.5)  +  .025  for  0.5  x/u  ^  6.0, 

and  .001  (f  -  6.0)  +  .035  +  .055  for  6.0  -c  x/u.  (9.3) 


1.  North  American  Aviation,  Inc.,  Report  No.  NA-59-632,  "Airborne 

Biological  Warfare  st  Low  Mtltudea",  Vol-  II,  16  iPm*  1959»  5P-  1^3 
and  follovlng. 


I 

! 


i 

I 

I 
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TA3U  9*1 


Ntnwrloal  Value  ttoed 


Svabol 

Definition 

Unite 

for  this  Beport 

P 

Prohahllity  of  lafeotloa 

unitless 

n)5o 

No.  of  orgazilsas  required 
to  Infect  50^  of  the  seopla 

organisDs 

<1 

Source  strength 

Org/ft. 

Variable 

k 

Agent  decay  rate 

5i/hr. 

5  for  0  ^  t  ^  ( 
1  for  0.5  <.  t  A 
0.1  for  6  hrs.  <. 

X 

Down  wind  cloud  traYel 

Miles 

Variable 

u 

Wind  apeed 

MUes/hr. 

Variable 

h 

Height  of  release 

Feet 

100 

O' 

Weather  parameter 

Feet 

.66 

p 

Weather  parameter 

unitless 

3.8 

Height  for  which  O' 
are  dsteimiaed  ~ 

Miles 

.0622 

h 

Breathing  rate  of  man 

Ft.^/hr. 

25.h3 

t 

Diaaemlaation  flow  rata 

Ft.  ^  Alin. 

Variable 

C 

Agent  eoncentratioa 

Org/ft. ^ 

s 

Dlaaeminatloa  efficiency 

unitlass 

0.20 

V 

Delivery  speed 

Ft  ./min  * 

^i000  (*5^5  npk  a 

Ground  level  dosage  of 
lethal  agent 

0rg-hr./ft.2 

hr. 
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That  ls>  the  decmy  rate  It  five  percent  per  hour  durihg  the  first  half 

hour,  one  perceot  per  hour  for  the  aext  five  aad  Me  half  hours  >  a&d 

one  tenth  of  one  percMt  thereefter4 

It  should  he  noted  that  tlsw  has  bean  Integrated  out  of  the  eaqpres- 

slon  for  O,  and  hence  D,  Is  in  terns  of  viable  organisms  present  per 
L  L  ' 

cubic  foot  for  one  hour.  If  ve  multiply  9  by  the  total  Intake  of  air 

L 

of  one  person  for  one  hour  ve  obtain  the  doBbge>  d,  for  that  person. 
Xhovlng  ve  obtain  the  probability  of  infeotlon,  from  the  equation 

P  -  1  -  2  (9,4) 

In  the  e^qionant  d/lD^  the  quantity  C/Z9^  occure  and  thla  viU  be 
treated  aa  a  variable. 

Curves  of  ?  versus  down  vind  distance)  x,  are  plotted  and  shovn 

a 

In  Pig.  9.1.  ihe  pareme^rs  ars'C/lS^)  wind  speed  u,  and  flow  rate  f. 
These  curves  can  be  related  to  a  spaeiflo  agent  throu^  the  parenetar 
C/lO^i  asBumlng  ve  have  used  the  proper  decay  rate.  Since  these 
curves  are  not  reatrictad  to  e  particular  agent  they  can  be  thou^t 
of  as  universal  curves. 

It  la  of  conaldarable  Intereat  to  conqpare  tbeas  curves  vlth  the 
exper^ental  results  contained  in  the  North  American  Heport,  pp.  103- 
117)  especially  figure  0-6)  p.  II3.  Ve  obaerve  that  all  data  has  a 
characteristic  shape  vbloh  rises  sharply  In  the  beginning)  starts  to 
droP)  rises  spin  and  than  falls  Into  an  exponential  decay.  This 
structure  Is  precisely  that  eidiiblted  In  our  computed  curves.  This 
agre«aent  vlth  experimental  data  gives  considerable  credence  to  the 
theory  of  a  variable  decay  rate. 
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mURE  9.1 


O 

->» 


FBQBABILlXr  OP  IffiDCTIQlf  FOB  JHFIBITS  UBB  S(H)BCE 
(b=‘100  ft.,  Osact  Xerraln,  PavaxBl>Ie  Weather  Cooditlona) 


,  12 

u  »  5  gypb,  c/U)^  w  10  ft, 
f  in  ft.^/edn. 


5 


I0\20>v^ 


ainca  the  theory  ct  a  varlabla  decay  rata  aeema  even  aore  plaua- 
abla  oov,  a  aathaoatleal  aodal  ie  baing  davelopad  idildi  vlU  account 
for  thla.  Ihla  aodel  entails  particle  aiaa  aa  one  ot  its  paraaetars. 
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10.  VrOBK  QM  LiqUIB  ACSm  DOmSMIHATZirO  BTGBI 

As  rsjorted  Is  our  IThli^  Qssrtarly  Frogrest  Beport,  Gsseral  Mills, 
me.  vas  asked  to  eooaldsr  ths  potsstlsl  store-carrying  capabilities  of 
the  ANAnSO-^  Prone,  before  seleeting  the  final  configuration  of  Ute  re¬ 
search  prototype  liquid  agent  dlssaBlnating  store.  In  order  to  thoroughly 
Investigate  this  potential  applleatiox,  Oeneral  Mills,  Inc.  issued  sub¬ 
contracts  to  Fairchild  Aircraft  and  Missiles  Division  and  Borth  American 
Aviation,  me.  for  studies  on  this  subject.  The  work  ststaMots  for  each 
of  these  studies  were  included  in  our  mird  Quarterly  Progress  Beport. 

Both  of  these  studies  have  been  conplatad.  Ibe  final  report  pre¬ 
pared  by  Fairchild  la  included  aa  Appendix  A.  Bie  final  report  prepared 
by  North  American  Aviation  la  included  as  Appendix  B.  Iha  readsr  is  re¬ 
ferred  to  these  eppendleee  for  the  detailed  findings  of  these  studies. 
Conclusions  ara  suaiaarlzed  in  Section  11. 
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U.  SUHMAIB  AHS  COKUBZOKB 

During  tbia  reporting  period,  the  Fhaae  II  studies  vere  oontinued. 
nils  phsse  Includes  reeeareb  releted  to  eolld  agent  dlssemlnatloa  and 
the  design  end  fabrlestlon  of  a  reeearoh  aodel  of  a  liquid  agent  store, 
intended  for  future  field  experiaenta. 

Xxperlaental  studies  of  the  affeot  of  exposure  to  heated  air 
streans  on  the  viability  of  Sa  aerosols  have  heen  aade.  Results  for 
an  exposure  tloe  of  li7  seconds  shov  a  very  substantial  loss  or  vi¬ 
ability  at  elevated  teaperatures.  For  exaaple,  exposure  at  125*  C  oaueee 
^  percent  lose  of  viability*  This  vozli  Indleatee  that  nixing  of  the 
aerosol  vlth  the  jat  pluae  of  a  carrier  aircraft  should  h*  avoided* 
(Section  2) 

Ibe  study  of  frictional  forces  between  various  powders  and  various 
surfaces  bas  bean  continued.  With  the  use  of  a  plston-eylluder  appar¬ 
atus,  aaasurensnts  vere  made  of  the  product  where  C],  le  the  oon- 

st«Dt  of  proporttoaellty  between  forces  aetloe  perpendicular  to  and 
parallel  to  the  direction  of  the  applied  force,  and  jl  la  the  coefflolent 
of  friction*  KeaatEremente  vere  also  oade  of  jJL  directly,  using  a  tlltlng- 
table  oMtbod.  It  was  possible  to  calculate  from  these  oeastuenente. 
Ihe  average  value  for  was  found  to  he  0.4db  for  talc  and  0.4lb  for  As* 

A  study  wee  nsde  of  average  bulk  density  of  a  colunm  of  conpressed 
powder,  as  a  function  of  eolioua  length,  for  various  eoapreeslva  etreesee. 
Keasureaente  were  aade  on  both  talc  and  Sa*  An  anplrlcal  foxnula  vaa 
found  to  fit  the  experiaental  data  quite  well*  (Section  3) 
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A  theoretlcul  inaljsls  of  th«  fore«  ratiulrad  to  lift  an  Inlseddad 
dlak  froB  a  bed  of  dllataat  Baterlal  vaa  carried  out,  under  the  aaauay^- 
tlon  that  attractive  forcaa  batveea  partlclea  are  negligible.  The  re- 
■oval  force  waa  found  to  depend  on  the  danalty  "Y  and  the  ahear  an{^ 
of  the  particulate  naterlal,  tae  force  being  proportional  to  tha  faotort 


^a  agreeaent  between  theory  and  aaperlBant  waa  found  to  be  good 
for  glaae  beads  of  ICX)  and  200  micron  dlemetar.  (Section  A) 

Tha  vlecoalty  of  egg  alurriaa  W.g.8.  #2,  #3  md  waa  re- 

detenalnad,  ualng  a  new  ahlpment  of  froaen  aaiqplea.  Ohe  themaal  con¬ 
ductivity  of  theae  alurriaa  also  waa  detenulned  at  Intervala  of  1.5*0 
In  the  tea^eraturB  range  froai  0  to  32*0.  The  thermal  conduotlyity 
valuea  varied  from  78  to  97  percent  of  the  value  for  water. 

The  rheological  properties  of  So  alurrlea  without  a  surface  active 
agent  were  Inveatlgated  at  20*c.  Tha  alurriaa  exhibited  initial  tnlao- 
tropy  (eppasent  viacoalty  deereaaea  vita  shear)  followed  by  rheopectlc 
behavior  (ineraaae  in  apparent  vlacoelty  with  shear).  A  slurry  con¬ 
taining  28.6  percent  by  wei^t  Sm  tna  too  thick  to  handle  In  tna  co¬ 
axial  cylinder  vlacoaater.  A  cepUlery  vlsoometer  la  being  conatructad 

I 

to  extend  the  j*eologlcal  Inveetlgatlon  to  greater  solids  conoantratlon 
and  hl^er  ahear  rates.  (Section  5) 

Boundary  layer  atudlee  showed  that  the  boundary  layer  of  an  air¬ 
craft  external  store  la  approximately  10  tinea  thicker  than  the  boun- 
layer  In  our  wind  tunnel.  However,  with  a  reduced  wind  tunnel 
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Jtoch  nuaber,  the  <3eagg]^iBeration  neasuzed  In  tha  vlnd  t^wwi  ig  cq^. 
aervative,  ainca  tha  velocity  gradient  at  the  apparent:  lujeetlon  dletaaca 
(0,oa  to  0.<A  ft.)  li  greater  for  tha  agent  ithre  than  for  tha  wind 

tunnel,  while  the  velocity  at  th^  dlatanoa  la  almoat  Identical. 

(Section  6) 

Stullea  on  tha  dlaaemlnation  of  Sb  elnulaat  In  the  hlgh-veloclty 
vlnd  tunnel  were  conducted  during  thla  reporting  period.  A  aerlea  of 
hl^-apeed  notion  pleturee,  taken  of  the  aeroaollzatlon  procaaa  within 
the  tunnel,  ahowed  the  aerodynamic  breakup  characterlatica  of  Sm  at 
varloua  bulk  denaltlea,  aolatura  contenta,  and  tunnel  Mach  ntmbara. 

!?he  degree  of  deagglooeratlao  is  strongly  dependent  on  the  aoleture 
content  of  Sn;  values  In  the  range  of  1-2  percent  by  wel^t  appeer  to 
be  most  eatiefactory  for  dlsaemlnatlen.  Ohe  two  meohanlana  which  seen 
to  be  primarily  reaponalble  for  daagglomeratlon  are  non-uniform  pres¬ 
sure  dlstrlbullone  around  aggloaeretes  and  fluid  shear  etresees  at 
their  boundaries. 

Samples  were  taken  of  Qm  aerosols  produced  In  the  tunnel  at  an 
sir  Btreem  velocity,  Mach  number  0.5.  Tor  the  csae  of  dry  Sm  with 
density  0.33  ^/cc.  It  was  found  that  the  sample  oonalated  of  beaic 
3m  partiolee;  l.e.,  full  doeggloneratlcn  was  obtained.  (Section  7) 
Experiments  ware  conducted  to  datexmlna  the  affect  of  compaction 
on  tha  viability  of  dry  Sm.  Early  roeults  Indicate  that  the  viability 
recovery  for  aamples  subjected  to  approxHoately  16  atmoepheres  pressure 
was  in  tha  order  of  8o  percent.  (Section  0) 
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A  auaerioal  evaluatloa  of  tha  tar^t  area  oo^era^ce  vas  eoadueted  aa 
a  function  of  the  various  paraoetera.  Including  the  factor  of  a  variable 
decay  ^te,  Ihe  raault  of  this  study  is  a  faally  of  Infection  pjrob- 
ablllty  curvee,  wltt  a  eharacterlatio  shape  vbloh  has  been  deawnstrated 
in  actual  field  experlaante.  This  agreaaast  with  experlaeatal  results 
adds  considerable  strength  to  the  variable  docay  rate  th/'o.-y. 

(Saotlon  9) 

The  U3D-5  is  eapabls  of  carrying  extsraal  stores  at  three  locetlona 
with  very  snail  penalties  in  structure  weight.  It  was  detenined  that 
th#  nsar  optlaun  store  for  unlvarssl  use  on  manned  aircraft  Is  substan¬ 
tially  larger  than  the  near  optlaua  store  for  the  OBD-5.  In  addition, 
the  manned  aircraft  store  can  reasonably  includs  sn  independent  power 
source.  On  this  basis,  it  was  doolded  that  tbe  most  useful  unit  for 
this  progren  Is  one  designed  for  a  aanned  aircraft.  (Section  10) 
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Study  of  Compatibility  of  External  Wing-Mounted 
SOBJECT:.  BW  Storea  with  the  AN/USD-B  pOS-l)  Drone 

SECHONl.  SUMMARY. 


f  PR6ES|PAaE  1-1 

'  Amhojbo'iii"  *  . 

- B.  S.  Morton 

DATE  May  28,  1961 

RETI8CD  _ _ 


To  aaaeaa  the  compatibility  of  external  wing-mounted  BW 
atorea  with  the  AN/USD-5  (XB-l)  drone,  the  Initial  Investigation 
considered  the  Installation  of  tanks  18,  20  and  22  inches  la  diameter 
located  at  wing  butt  lines  37,  74  and  85.  Parametric  analysia  of 
these  tank  sizes  and  locations  at  0. 7  Mach  number  Indicated  the 
most  desirable  configuration  to  be  a  22-lnch  diameter  tank  located 
at  wing  butt  line  86.  Further  investigation  based  on  the  selected 
comlguratlon  indicated  a  sea  level  radius  of  action  ciq)abllity  of 
111  nautical  mUea  with  a  BW  agent  capacity  of  1240  pounds. 
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■  E.  E.  Morton _ 

SUBJECT:.  BW  Stores  with  tlie  AN/U3D-5  (XE-l)  Drone 


SECTION  2.  INTRODUCTION, 


niTE  May  28.  1961 


REVISED 


This  report  presents  the  results  of  a  study  to  Investigate 
the  compatibility  of  external  wing-mounted  BW  stores  with 
thaAN/xraD-5  (XE-1)  Drwie. 

Under  a  contract  with  the  United  States  Army  Chemical 
Corps,  General  Mills  undertook  the  development  of  external 
stores  for  line -source  dissemination  of  solid  and  liquid  BW 
agents  tvoin  low  flying  manned  and  unmanned  aircraft.  In 
order  that  the  resulting  stores  be  adaptable  to  a  large  number 
of  delivery  vehicles,  investigation  of  the  potential  capabilities 
of  the  AN/USD-S  (XE-1)  drone  for  carrying  external  stores 
was  I'oquested. 

The  primary  mission  is  line-source  dissemination  of  BW 
agents  from  a  low  altitude  drone.  Basic  assumptions  are; 

a.  Modification  of  drone  components  other  than  the 
wing  structure  will  be  minimized. 

b.  Weight  allowance  will  be  made  for  Installation  of 
functional  BW  control  package. 

c.  Normal  surveillance  equipment  will  be  installed. 

d.  Installation  of  a  wind  determination  system  will  be 
con.videred. 

e.  Drone  will  bo  returned  and  recovered. 

f.  Launch  will  be  made  at  the  highest  practical  gross  weight 
consistent  with  the  operating  limitations  of  the  AN/USD-5 
(XE-1)  drone. 

g.  Agent  dissemination  will  be  made  at  minimum  feasible 
altitude  and  0. 7  Mach  number, 

h.  External  BW  tanks  will  be  ejected  after  dissemination  ran, 

1.  Minimum  radius  of  operation  will  be  300  nautical  miles. 

j.  A  C.E.P,  of  three  nautical  miles  for  a  60-mlnute  flight 
duration  will  be  acceptable. 

Basic  design  data  of  the  BW  external  tanks  as  compiled  by 
North  American  Aviation  Company  is  ctmtained  in  Appendix  I  of  this 
report.  The  folbwlng  additional  data  was  furnished  by 
General  MlUs - ; 


S- 800- 23 A 


a.  Density  of  payload:  8.33  pounds  per  gallon. 

b.  ]^ta  of  payload  dissemination:  9  gal/mln/tank. 

c.  Tank  drag  (Isolated  store  drag  coefficient);  O.Od 

A-..  ■  Electrical  power  control:  28  volts  dc  .2  anrfi 
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SECTION  2.  (Continued) 

Tank  siae  and  weight; 


e. 


Tank  Size 

Tank  Wl. 

Agent  Wt. 

Tank  Cap 

Total  Wt. 

(diameter) 

(lb) 

(lb) 

(gal) 

<*W*> 

18  in. 

440 

233 

28 

1346 

20  in. 

520 

481 

59 

2022 

22  in. 

600 

783 

94 

2766 

*  22  in: 

460 

1241 

149 

3401 

*  Alternate  tank  weight  and  capacity  supplied  after  completion 
of  preliminary  investigation. 

Tlie  study  was  conducted  In  two  phases,  The  objective  of 
Phase  I  was  the  determination  of  the  best  tank  configuration  con¬ 
sidering  tank  size  and  location  on  the  wing.  Tanks  of  18,  20  and 
22-lnch  diameter  located  at  wing  butt  lines  37,  74  and  85  were 
investigated.  The  effect  of  each  configuration  on  drone  structure, 
stability  and  control,  and  performance  was  analyzed  to  establish 
the  most  desirable  tank  configuration. 

The  objective  of  Phase  n  was  a  study  of  the  selected  configura¬ 
tion  considering  the  design,  flutter  stability,  lateral  stability, 
load  analysis  and  stress  checks,  weight,  center  of  gravity  and 
moment  of  inertia,  A  sea-level  dissemination  mission  was  cal¬ 
culated  utilizing  the  selected  BW  tank  configuration  as  well  as  a 
summary  of  design  load  factors  for  the  tanks. 
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SUBJECT:- 

BW  Stores  with  the  AN/USD-8  (XE-l)  Drone 

lEVIStD 

SECTION  3.  SYMBOLS. 

B.  L. 

•  .  .  .  butt  line 

<^D 

....  drag  coefficient  s  JL 

qs 

C.E.P.  ....  circular  error  probability 

t 

....  lift  coefficient  ~  JL. 

qs 

% 

....  center  line 

....  pitching  moment  =  ^ 

^1 

i 

1 

Cn 

....  yawing  moment  =  JL 

1 

i 

qSl 

j 

C 

. static  directional  stability  parameter  z  d 

Sl 

i 

c 

y 

....  side  force  coefficient  r  ^ 

i 

1 

] 

1 

. axial  force  coefficient 

i 

1 

D 

....  drag 

i 

F.S. 

....  fuselage  station 

G.  W. 

....  gross  weight 

! 

I 

....  moment  of  Inertia 

....  roll  moment  of  inertia 

'y 

....  pitching  moment  of  inertia 

1 

1 

....  yawing  moment  of  inertia 

1 

....  mass  moment  of  Inertia  of  the  drone  about  a  centroidal  axis 

i 

0 

parallel  to  the  x  datum  axis 

1 

L.E. 

....  leading  edge 

1 

i 

M 

....  Mach  number  0.  7 

i 

i 

MAC 

....  mean  aerodynamic  chord 

1 

Ml/lb 

....  nautical  mile  per  pmmd  of  fuel  Au^^ty^0^i3526*^ 

•1 

MRP 

....  military  rated  power  K’ ^  Declass  Div.  WHS 
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kEvtwa 

SECTIOK  3.  (Coatinued) 

....  foaelage  moment  about  horizontal  axia 

....  wing  moment  about  vertical  axle 

N.  Mt 

....  nautical  mile 

NRP 

....  normal  rated  power 

....  product  of  inertia  in  the  xz  plane  with  respect  to  centroidal 

0  0 

X  and  a  axes 

H/A 

....  radius  of  notion 

rA; 

....  rate  of  climb 

s 

.....  area  in  square  feet 

T.  B. 

. trailing  edge 

"^•T.B. 

....  wing  torque  about  trailing  edge 

V 

....  airspeed 

....  vertical  shear 

Wt. 

....  weight 

4 

....  incremental  change 

a. 

....  angle  of  attack  in  degrees 

-a 

....  airplane  angle  of  attack 

....  angle  of  sldei^ip  -  degrees 

i 

....  control  surface  deflection  angle 

it 

....  Indicates  a  coefficient  based  on  maximum  cross-sectional  area. 

i 

....  roll  angle  -  degrees 

....  rolling  velocity  of  drone  about  longitudinal  axis  -  rad/seo 

....  angle  of  roll 

<k 

....  rolling  velocity 

....  rolling  acceleration 

\k  Z  T 

....  yawing  velocity  of  drone  about  vertical  axis 

-  rad/sec 
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KCVISEO  ■ 


a 

c.g. 

1 

“x 

“y 

n 

z 

4 

T 

W 

X 

y 

% 


a-MO>23A 


.  .  aileron 
.  .  center  of  gravl^ 

.  .  length' 

.  .  longitudinal  load  factor;  ponltire  -  forward 
.  .  lateral  load  factor;  poaltlve  -  rl^t 
.  .  normal  load  factor;  ponitlve  -  op 
.  .  dynamic  preeaure  :  1/2 
,  .  rudder 
.  .  wing 

. ' .  longitudinal  center  of  gravity 
,  .  lateral  center  of  gravity 
.  .  vertical  center  of  gravity 
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SECTION  4. 


PACTOAL  DATA 


~W: 


4. 1  PARAMETRIC  ANALYSIS  OP  TANK  SIZE  AND  LOCATION  - 
PHASE  I 

4.1.1  PERFORMANCE  ANALYSIS 

The  performance  analysis  consisted  of  a  study  of  the  effects 
of  tank  size,  tank  location  and  cruise  altitude  on  radius  of 
action  (Phase  I)  and  the  calculation  of  the  mission  performance 
for  one  selected  tank  size,  weight  and  wing  location  (Phase  n). 

4. 1. 1. 1  Basic  Performance  Data 

I 

The  thrust  required  for  the.  drone  without  tanka  installed  is 
baaed  on  the  lift  and  drag  coefficients  obtained  from  wind  tunnel 
tests  of  a  AN/USD-3  (X£-l)  model.  The  thrust  requlrsmsnts 
with  tanks  Installed  are  based  on  the  addition  of  an  incremental 
drag  coefficient  due  to  the  tank  installation  to  the  basic  AN/USD- ! 
(XE-l)  data.  The  drag  breakdown  is  given  in  Tab  le  I  and  a.plot  1 
of  Incremental  drag  coefficient  versus  tank  capacity  Is  presented 
in  Figure  4-1.  The  tank  ct^mcities  used  In  this  figure  and  Inter 
figures  are  the  agent  capacitlee  specified  by  General  Mills  for 
the  Phase  I  parametric  study.  The  drag  coefficients  are  based 
primarily  on  data  supplied  ly  North  American  Aviation  and 
General  Mills.  The  drag  coefficients  are  applicable  up  to 
M  =  0.7. 

The  thrust  available  is  the  same  as  that  used  for  the 
AN/USD-5  (XE-l).  When  calculating  cruise  performance,  the 
present  normal  rated  power  (NRP)  of  the  engine  was  excscded 
when  necessary  to  meet  the  M  z  0.7  speed  requirement;  how¬ 
ever,  military  rated  power  (MRP)  was  not  exceeded. 

^clfic  range  data  are  presented  in  Figures  4-2  thru  4-5. 
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M  M 


) 

) 

TANK  DIAMETER  i 

IT£M 

18  Inch 

20  Inch 

22  Inch 

Usable  tank  caitaci^  per  tai^ir 

28  gal 

50  gal 

94  gal 

Tank  frtwital  area 

1.762  sq  ft 

2. 182  sq  ft 

2. 640  sq  ft 

for  isolated  tank 
w 

0.05 

0.05 

0.05 

Cjj  for  fins 
w 

0.01 

0.01 

0.01 

Cjj  for  pylons 
w 

0.0103 

0.0103 

0.0103 

0.0703 

0.0703 

0.0703 

Cjj  for  ram  air  turbine  drag 

0.1587 

0.1281 

0.1039 

Total  a  Cjj  per  tank 
w 

0.2290 

0.1984 

0. 1762 

Total  J  Cjj  for  cruise  out 

0.00402 

0.00432 

0.00463 

(Based  on  aing  area) 

A  for  dtsseminatioa  nozales 

0.00070 

0.00070 

0.(XH)70 

Total  4  Cjj  for  di<is<>^in^Hqn 

0.00472 

0.00502 

0.00533 

(Based  oaving  area) 

Usable  tank  capacity,  two 

56  gal 

118  gal 

188  gal 

_ COMMEWTS 

Specified  tagr  Geaeral 


NAA  data  per  TWX  dated 
March  31,  1P51 
NAA  data  supplied  by 
General  Miiia 

General  M»in  allowed 
0.08  per  TWX  dated 
March  31,  1961 

z  0. 013  based  on  area 

of  21.  S  sq  ft 
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SECTION  4. 


FACTUAL  DATA  (Continued) 


4.1. 1.2  Miasiona 

The  miaaiona  Investigated  were  all  radlua-of-actlon 
miasiona  and  conalsted,  basically,  of  a  boosted  launch,  cruise 
out  to  dissemination  point,  disseminate  liquid  agent,  dr<^  tanka 
and  pylona  25  nautical  miles  after  dissemination,  and  return  to 
base  for  recovery.  The  rules  for  the  miasiona  are  given 
below: 

4. 1.1. 2.1  Sea  Level  Cruise  Mission 

a.  Fuel  allowance  (67  lbs)  is  provided  for  two  minutes  opera¬ 
tion  at  NRP  for  pre-launch  check  out. 

b.  Launch  and  cruise  out  at  Mach  number  s  0. 7  at  sea  level. 

c.  Disseminate  agent  at  Mach  number  ■  0. 7  at  sea  level.  Agent 
Is  disseminated  from  both  tanks  simultaneously  at  rate  of 

8  gal/mln/tank. 

d.  Range  does  not  include  dissemination  distance. 

e.  Or(gi  tanks  and  pylona  after  25  nautical  miles  of  cruise  back, 

f.  Cruise  back  at  Mach  number  s  0. 7. 

g.  Recover. 

h.  No  reserve  fuel. 

4.1. 1.2.2  Altitude  Cruise  Mission 

a.  Fuel  allowuice  (67  lb)  is  provided  for  two  minutes  operation 
at  NKP  for  pre-launch  check  out. 

b.  Launch  and  climb  to  30, 000  ft  with  MRP  at  beat  rate  of  climb 

c.  Cruise  at  30, 000  ft  and  Mach  number  >0.7  until  weight  de¬ 
creases  to  point  where  service  ceiling  (R/C  :  100  ft/mln  at 
NRP)  is  35,000  ft. 

d.  Climb  to  35,000  ft  with  MRP. 

e.  Cruise  iu  dissemination  point  at  Mach  number  s  0. 7. 

f.  Descend  to  dissemination  area.  No  credit  is  taken  for  range 
in  descant. 
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FACTUAL  DATA  (Continued) 

g.  Dlaaeminate  agent  at  Mach  number  :  0. 7  at  aea  level. 

Agent  is  disseminated  from  both  tanks  simultaneously  at 
rate  of  9  gal/min/tank. 

h.  Range  does  not  Include  dissemination  distance. 

1.  Climb  to  36,000  ft  with  MRP.  Drop  tanka  and  pylons 
after  2S  nautical  miles  range  in  climb. 

j.  Cruise  back  at  35,000  ft  and  Mach  number  :  0. 7  to  recovery 
area. 

k.  No  credit  is  taken  for  range  during  descent  to  recovery  area. 

l.  No  reserve  fuel. 

Typical  mission  profiles  and  the  results  of  the  radlus-of- 
action  calculations  are  given  in  Figures  4-0  thru  4-9.  Weight 
and  fuel  data  are  given  in  the  Gross  Weight  Summary. 

NOTE:  Gross  Wei^t  Summary  has  been  submitted  by  Weights 
Section. 

It  should  be  noted  that  none  of  the  tank  Installations  con¬ 
sidered  were  able  to  meet  the  minimum  desired  radius  of  action 
of  300  nautical  miles  at  sea  level. 
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4.1.2  STATIC  3TABIUTY  AND  CONTROL  CHARACTERISTICS 

A  brief  static  stability  and  control  analysis  was  made  of  the 
various  tank  configurations  in  order  to  determine  their  feasi¬ 
bility.  The  study  was  made  without  consideration  of  aero- 
elastic  effects.  The  results  are  given  below. 

4.1.2. 1  Longitudinal 

The  addition  of  tanks  with  horizontal  fins  is  estimated  to 
produce  a  forward  shift  of  the  neutral  point  as  much  as  3. 5% 
MAC  (see  Figure  4-10),  The  greatest  effect  Is  obtained  with 
the  large  tanks  In  the  outtnord  location.  The  shift  In  neutral 
point  will  be  handled  by  restricting  the  alt  c.  g.  limit.  This 
solution  Is  expected  to  Introduce  problems  in  c.  g.  control.  It 
is  recommended  that  horizontal  fins  be  used  to  minimize  the 
adverse  effect  of  tanks  on  longitudinal  stability. 

No  control  problems  are  Indicated  based  on  static 
considerations. 

4 . 1 . 2 . 2  Lateral-Directional. 

The  static  directional  stability  parameter,  C^  is  reduced. 

significantly  when  tanks  without  vertical  fins  are  added  to  the 
basic  AN/U8D-5  (XE-1)  configuration.  See  Figure  4-10, 
Further  study  may  indicate  the  desirability  of  adding  vertical 
fins  to  the  tanks. 

Lateral  control  is  sufficient  to  handle  unsymmetrical  dis¬ 
semination  of  agent, 

4. 1.2.3  General. 


S-aOO-Z3A 


The  changes  to  the  AN/U3D-5  (XE-1)  stahlUty  and  control 
characteristics  become  greater  as  the  tanks  are  moved  outbemrd 
on  the  wing;  however,  the  results  of  this  static  analysis  has  not 
indicated  any  Insurmountable  difficulties. 

The  results  of  a  brief  lateral  dynamic-stability  study  indicate 
a  potential  problem  at  V  s  200  kts.  The  lateral  oscillation  Is 
damped,  but  iJUfge  rudder  to  stdeallp  angle  ratios  are  required  to 
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4.1.3 
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STRESS 


4.1.3.!  Structural  ModlllcatlonB  Required  to  Fuaelage 

For  all  atorea  at  all  locationa  on  the  wing  the  fuaelage 
bending  momenta  and  ahears  are  higher  than  the  deaign  valuea 
for  the  AN/USD-5  (XE-l).  The  area  affected  la  between  Station 
207. 5  and  259. 5.  Therefore,  there  wlU  be  aome  changea  In  the 
longerona  and  shear  panels  in  this  area. 

For  the  1383  lb  store  at  either  B.  L.  85  or  B.  L.  74,  the  tie 
bar  In  the  fuselage  frame  at  the  front  spar  (Station  207 . 5)  must 
be  increased  In  size. 

For  all  stores  there  may  be  a  slight  change  in  the  ^steners 
where  the  rear  e^r  fitting  attaches  to  the  fuaelage  lower 
longeron. 

4. 1. 3 . 2  Structural  Modifications  Required  to  Wing 

For  all  stores  at  all  locations  on  the  wing  it  la  necessary  to 
Increase  the  strength  of  the  root  rib  at  the  Joint  where  the  lead¬ 
ing  edge  portion  attaches  to  the  main  poitlon  of  the  rib. 

For  all  stores  at  B.  L.  37  the  existing  fuel  bulkhead  must  be 
converted  Into  a  structural  rib. 

For  all  stores  at  B.  L.  74  or  B.  L.  85  a  structural  rib  must 
be  added. 

For  the  1011  lb  store  at  B.  L.  74  an  0. 02  Inch  doubler  must 
be  added  to  the  wing  skin  for  10  Inches  Inboard  of  the  rib. 

For  the  1383  lb  store  at  B.  L.  74  an  0. 03  Inch  doubler  must 
be'  added  to  wing  skin  for  10  inches  Inboard  of  the  rib. 

For  the  1011  lb  store. at  B.  L.  85  an  0. 02  Inch  doubler  must 
be  added  to  the  wing  skin  for  10  Inches  inboard  of  the  rib. 

For  the  1383  lb  atore  at  B.  L.  85  the  wing  skin  a^ge  must  be 
Increased  from  the  existing  0. 08  inch  thickness  to  0. 07  (an 
0. 01  Inch  inezwase)  from  B.  L.  85  to  the  root  rib,  and  an  0. 03 
inch  doubler  must  be  added  for  10  Inches  inboard  of  B,  L.  85. 

E'or  aU  stores  at  B.  L.  85  and  B.  L.  74  the  front  spar  fitting 
would  have  to  be  changed  slightly  to  add  more  material, 
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4. 1. 3. 2  Structuml  Modifications  Repaired  to  Wing  (Continued) 

For  aU  stores  at  B.  L.  74  or  B.  L.  85,  a  swept  pylon  is 
required  because  the  store  c.  g.  is  so  far  forward  In  relation  to 
the  wing  section.  A  swept  pylon  la  far  more  complex  than  a 
straight  pylon  from  both  a  design  and  a  manufacturing  standpoint 
and,  due  to  the  fact  that  the  c.  g.  is  so  far  forward  in  relation 
to  the  ^ng  section,  the  greatly  increased  mommits  and  torques 
require  much  heavier  structure  in  the  pylon. 
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4.1.4  THERMODYNAMICS. 

4. 1. 4. 1  J-60  Turbojet  Engine  Estimated  Jet  Wake  Diagram 

An  estimated  Jet  wake  diagram  on  the  J-60  turbojet  engine, 
baaed  on  aea-level  condition  and  M  s  0. 7,  was  obtained  cross- 
plotting  Pratt  and  Whitney  data  for  other  conditions  and  la,  in 
the  opinion  of  Thermodynamics,  conservative  for  the  purpose 
since  It  does  not  account  for  the  effects  of  the  secondary  air¬ 
flow  In  the  cooling  ejector.  See  Figure  4-11,  The  cooling 
ejector  la  part  of  die  basic  design  of  the  AN/U8D-5  (XE-ll  in 
all  Its  versions. 
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4.1.5 

WEIGHTS. 

4. 1.5.1 

Basis  for  Analysis. 

a. 

Maximum  launch  gross  weight  shall  ho  10, 300  1h. 

b. 

Basle  drone  shall  be  the  operational  AN/U8D-5  (XE-1). 

• 

c. 

Agent  tanks  shall  be  hill  (95%)  for  launch. 

d. 

Fuel  tanka  shall  be  partially  full  for  launch. 

e. 

C.  0.  of  all  external  stores  shall  be  at  F.  3.  228.0 
(20. 8  %  MAC).  Refer  to  Figure  4-14. 

f. 

Maximum  diameter  of  lank  at  B.  L.  37.0  shall  be  22  inches. 

• 

S' 

Pylon  constant  for  all  tank  diameters  at  a  given  butt  line 
location. 

4. 1.5.2 

Applied  Changes  to  Operational  AN/USD -6  (XE-1)  Drone. 

Refer  to  Figure  4-13. 

a. 

Add  circuitry  in  guidance  and  electrical  systems  for  stores 
functions. 

b. 

Revise  wing  htel  plumbing  to  provide  for  partially  filled 
wing  fiiel  tanks  at  launch. 

c. 

Add  beef -up  In  skin  panels  and  longerons  (  F.  S.  187-270) 
of  fbselage  to  sustain  Increase  In  bending  loads. 

d. 

Wing  structural  beef -up  is  required  and  varies  with  agent 
tank  size  and  location  as  follows: 

(1)  All  conditions  require  changes  to  root  rib  joints  and 
the  rear  spar  fitting. 

(2)  For  all  stores  at  B.  L.  37  the  existing  fuel  bulkhead 
must  be  converter  Into  a  structural  rib. 

(3)  For  all  stores  at  B.  L.  74  a  structural  rib  and  local 
skin  doublers  must  be  added. 

(4)  For  tho  IB  and  20 -inch  diameter  tanka  at  B.  L.  85  a 
structural  rib  and  local  skin  doublers  must  be  added. 
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4. 1.  S.  2  Applied  Changes  to  Operational  AN/USD-S  IX£-1)  Drone. 

(Refer  to  Figure  4-13)  (Continued) 

(5)  For  the  20-lnch  diameter  tank  at  B.  L.  85  a  structural 
rib  will  be  acMed  and  the  wing  skin  increased  by  0. 01 
Inches  from  the  root  rib  to  B.  L.  85  rib. 

(6)  Design  of  the  structural  ribs  at  B.  L.  37,  74  and  85 
is  based  on  the  22-lnch  diameter  tank. 

e.  A  straight  pylon  can  be  used  from  B.  L.  37  thru  B.  L.  80. 5 
and  the  weight  is  estimated  as  a  constant.  For  all  stores 
outboard  of  B.  L.  60. 5  a  canted  pylon  is  required  because 
the  tank  center  of  gravity  la  projected  forward  of  the  wing 
by  the  sweep  back  of  the  wing  leading  edge  and  the  pylon 
becomes  far  more  complex  and  heavier.  Figure  4-12 
shows  the  influence  of  the  pylon  weight  on  the  eiqpendable 
stores  configuration  and  Figure  4-13  reflects  the  penality  to 
the  empty  drone  weight. 

4 . 1. 5. 3  Summary  Build  Up  of  Drone  Gross  Weight, 

Refer  to  Table  II  for  the  summary  build  up  of  drone  gross 
weight  from  the  AN/USD-S  (XE-l)  weight  empty  to  t&eM-361 
launch  gross  weight. 

4 . 1 . 5. 4  Longitudinal  Balance. 

Longitudinal  balance  of  the  nine  recovery  gross  weight  con¬ 
ditions  falls  between  22  and  23%  MAC  and  appears  to  be  satis¬ 
factory.  Until  such  time  that  c.  g.  envelopes  can  be  established, 
it  Is  assumed  that  the  longitudinal  centers  of  gravity  for  flight 
can  be  satisfied  by  selective  placem^it  and  programming  of  the 
drone  fuel. 

4. 1.5. 5  Alignment  Angle. 

The  effect  of  agent  tank  size,  agent  tank  location  and  place¬ 
ment  of  drone  fuel  on  the  booster  alignment  angle  has  not  been 
Included  in  this  phase  of  study.  Once  a  configuration  has  been 
selected,  booster  alignment  will  be  resolved. 
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TABLE  n.  aHOSS  WEIGHT  SUMMARY 


H  L  37  i  t 

Basic  AN/USD-a  (XE-1)  4496  I  4495  ” 
(Cate.)  Per/Nov/ll/90 

M.381Modlflcationa(Eat)  65  65 

Electrical  System  4  4 

Guidance  System  1  1 

Fuel  System  10  10 

Fuselage  Structure  10  10 

Wing  Structure  40  40 

Total  Empty  Weight  4560  4560  “ 

Fuel  >  Unusable  50  50 


B.L.  74. 
4495  I  4495 


_ B.L.  8S.Q 

4495  I  4495  |  44961  4495 


Total  Recovery  O.W. 

Fuel  •  Usable 
Stores  -  Expendable 
Pylon  (2) 

Tank  (2) 

Agent  8.33  Ib/Gal 

Total  Drone  G.W. 

(less  booster) 

Booster 

Total  Drone  G.W. 

(phis  booster) 

Booster  Drop  Off  G.W. 
(level  attitude) 

-  Wt  -  lb 

-lxo(roU)  -stag-ltj 

-  Izo  (yaw)  -  slug-ft* 

-  Pxoao  -  alug-ft* 

Agent  Tanka  Empty  G.W 

(level  attitude) 

-  Wt.  -  lb 

-  Ixo  (wll)  -  alug-ft2 
-l2o(yaw)  -slug-ftj 

-  PxoZq  “ 

Tank  Dla.  -  Inches 

Length  ^  inches 

Volume  -  ^1 

(to  outside  skin  contour) 
Volume  '  gal 

(usable) 


4610  4610  4810  463B  4638  4638  4646  4646  4668 

3631  2855  2111  3481  2805  2061  3445  2769  2003 

1426  2102  2846  1448  2124  2868  1476  2152  2896 

80  80  SO  102  102  102  130  130  130 

880  1040  1200  880  1040  1200  880  1040  1200 

466  982  1566  468  682  1568  466  982  1566 

9667  9667  9587  9587  9567  9607  9667  9567  9567 

1300  1300  1300  1300  1300  1300  1300  1300  1300 

10867  10867  10867  10867  10867  10867  10867  10867  10867 


9500 
7513 
16648 
.  160 


6457 
3464 
11063 
-  79 

18  20  22 

163  170  187 

105  145  190 
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FACTUAL  DATA  (Continued) 

STUDY  OF  SELECTED  CONFIGURATION  -  PHASE  H 
DESIGN 


4 . 2. 1 . 1  General  Arrangement. 

The  general  arrangement  and  oiverall  dimenaiona  of  the 
M-361  modified  drone  are  ahown  on  Figure  4-lS. 

4 . 2. 1 . 2  Mobile  Launcher  Clearancea. 

The  launcher  clearancea  are  given  in  Figure  4-17.  Tlie 
M-361  modified  drone  la  shown  In  the  launch  and  also  the 
transport  positions. 
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4.2.2  FLUTTER  STABILITY  j 

I 

The  addition  of  concentrated  masses  to  a  wing  will 
generally  affect  the  flutter  stablllfy  of  the  wing.  The  effect  can 
be  beneficial  in  some  cases,  but  often  it  wUl  adversely  affect 
the  flutter  speed.  No  flutter  analysis  of  concentrated  masses 
on  the  AN/USD-B  (XE-1)  wing  has  been  accompUsbed.  Be¬ 
cause  no  simplified  method  exists  for  estimating  the  effects  of 
concentrated  masses  on  a  delta  wing,  a  formal  flutter  investi¬ 
gation  must  be  made  before  the  final  design  is  frozen  in  regard 
to  spanwise  and  chorUwlse  location  of  the  external  stores  center 
of  gravity  and  flexibility  of  the  pylon  mounting  structure.  Since 
the  AN/USD-5  (XE-1)  wing  is  free  from  flutter  without  external 
stores,  it  is  reasonable  to  assume  that  a  flutter-free  design  can 
bo  achieved  with  external  stores.  A  parameter  study  will  be 
required  to  obtain  the  correct  pylon  flexibility  consistent  with 
the  requirements  for  location  of  the  external  stores  center  of 
gravity . 

The  only  general  rule  of  thumb  available  in  regard  to 
external  storee  is  that  the  center  of  gravity  should  always  be  for 
ward  of  the  '’effective”  torsional  axis  of  the  wing.  The  present 
design  does  not  violate  this  rule. 
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4 . 2. 3  LATERAL  STABILITY 
4 . 2. 3 . 1  Lateral  Stability  Study 

The  following  presents  the  results  of  a  PACE  analog 
computer  study  of  the  lateral  steblllty  of  the  selected  configura¬ 
tion,  allowing  three  degrees  of  freedom.  The  basic  equations 
of  airframe  motion  are  listed  below: 

In  the  classical  dynamic  equations  for  airframe  motion  ail 
aerodynamic  coefficients  are  assumed  constant  for  any  particu¬ 
lar  condition  of  Mach  number  and  gross  weight  and  small  angle 
approximations  (l.e. ,  cos  a  s  1,  sin  «  s  tan  «  :  «  (radians) 
are  employed.  The  two  orientation  angle  computations  are: 


w  :  r 

Transfer  functions  of  the  lateral  autopilot  used  in  the 
simulation  are  derived  from  Reference  5. 3 


'r  =  ‘-“  [o5S.l]  ' 

,j,  =  (l.017t.S19)  STlj  * 

The  steering  loqp  has  been  omitted  from  the  analysis.  It  is 
also  noted  that  no  coupling  between  the  lateral  and  longitudinal 
modes  has  been  considered. 

The  aerodynamic  coefflclente  are  taken  from  References  5. 1 
and  5.2. 

The  configuration  investigated  was  the  22  Inch  wing  tank 
located  at  B.  L.  85.  Qross  weights  of  8600  lb  and  9500  lb  at 
speeds  of  0. 3  MN  and  0. 7  MN  were  chosen  as  the  conditions  to 
be  investigated.  Weight  and  Moment  of  InertU  data  are  supplied 
by  Reference  5.4. 
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4.  FACTUAL  DATA  (Continued)  1 

4, 2. 3.1  Lateral  Stability  Study  (Continued) 

Step  inputs  were  applied  to  4,  P  and  r  individually  while 
the  resulting  responses  were  monitored  by  observing  the  traces 
on  a  brush  recorder.  The  step  inputs  were  as  follows: 

step  input  to  magnitude  of  step 


p  -t-  .4  rad/sec 

f  -f,  2  rad/sec 

The  resulting  traces,  Figures  4-18  thru  4-33  ,  show  that 
the  system  investigated  is  stable  In  the  lateral  modes  for  the 
conditions  considered. 
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FACTUAL  DATA  (Continued) 
STRESS 


4. 2. 4.1  LoadAnalysU 


A  loads  analysis  was  made  of  the  AN/USD-5  (XE-1) 
drone  with  three  different  stores  (673  lb,  1011  lb  and  1383  lb) 
at  three  different  locations  (  B.L,  37,  B.  L.  74,  and  B.  L.  85). 
In  each  case  it  was  assumed  that  the  top  of  the  store  was  at 
W.  L.  -  19. 76.  This  analysis  was  done  for  several  loading 
conditions  which  appeared  to  be  the  most  critical  for  the  drone 
with  external  stores. 

Following  the  loads  analysis,  stress  checks  were  made  on 
Items  in  the  most  critically  loaded  areas  to  determine  what 
modifications  would  be  required  to  insure  positive  margins  of 
safety  in  ail  of  the  structure. 


4. 2.4. 2  Loads 


The  curves  on  Figures  4-34  thru  4-39  show  the  increases  in 
loads  on  the  wing  and  fuselage  auc  to  the  various  stores  at  Ihe 
various  butt  lines. 

The  wing  moment  about  the  fore  and  aft  axis  is  not  Increased 
as  a  result  of  mounting  these  stores  on  ths  wing  at  any  butt  line. 

The  wing  fore  and  aft  shear  Is  greater  than  that  for  which 
the  AN/USD-6  (XE-1)  Wing  was  designed,  especially  when  the 
stores  are  mounted  at  one  of  the  outboard  locations.  However, 
due  to  the  long  chord  of  the  delta  wing,  this  is  not  an  important 
design  consideration. 

In  no  case  is  the  wing  vertical  shear  greater  than  that  for 
which  the  wing  was  designed. ' 

Wing  moments  about  the  vertical  axis  and  wing  torque  about 
the  trailing  edge  for  stores  at  B.  L.  37  are  not  greater  than 
tliose  for  which  the  wing  was  designed. 
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BATt 


UlltEB 


4.2.5  WEIGHTS 

4.2. 5.1  Drone  Configuration 

The  weight,  center  of  gravlly  and  moment  of  Inertia  were 
compiled  on  the  baale  of  a  drone  configuration  aa  defined  I7 
Reference  6. 5.  The  condlHona  set  forth  In  the  drone  configura¬ 
tion  are  aa  follows: 

a.  A  22-lnch  diameter  tank  located  at  drone  B.  L.  85. 

b.  A  redesign  of  the  agent  tank,  empty  weight  460  pounds  was 
600  pounds,  and  usable  volume  149  gallons  was  64  gallons 
In  lieu  of  the  tank  shown  in  Phase  I  study.  Refer  to 
Table  II,  Sectlmi  4. 1.  5. 

c.  Partial  fllUng  of  the  redesigned  agent  tanka  In  preference 
to  reducing  the  drone  hiel  load  to  maintain  the  fixed  launch 
gross  weight  of  10,800  pounds. 


Total  Recovery  Gross  Weight 

Fuel  -  Usable  @  6. 5  Ib/gal 
Wing  Inboard 
Wing  Outboard 
Fvd.  Fuselage 
Sump 

Stores  -  Expendable 
Pylon 

inutk  (148  gal  usable  volume) 
Agent  @  8. 33  Ib/gal 

Total  Drone  Grose  Weight  (less  booster) 
Booster 

Total  Drone  Gross  Weight  (plus  booster) 
Fuel  •  Prelaunch  checkout 

Total  Launch  Gross  Weight 


(308. 2  gal) 
179. 7  gal 
62, 0  gal 
54.0  ,gal 
12. 5  gal 


(110.8  gal) 


Weight 

4668 

(2003) 

1168 

403 

351 

81 

(2866) 

130 

620 

1846 


1086? 

_ ^ 

10800 
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4. 2. 8. 1  Drone  Configuration  (Continued) 

Booster  Drcq>  Off  GW  (level  attitude)  -  Weight  r  9,  500  lb 


r  (RoU)  s 
*c 

I  (Yaw)  5 
*0 


Agent  Tanka  Empty  GW  (level  attitude)  -  Weight  : 


Agent  Tank  Diameter  - 

Length  s 

volume  (outside  skin  contours)  - 
Volume  (usable)  : 

NOTE:  The  drone  center  of  gravity  and  moment  of 
by  partially  filled  agent  tanka  has  not  been 


7, 513  slug-ft  " 

16, 646  slug-ft  2 

-160  slug-ft  ^ 

6,467  lb 
3,464  slug-ft  ^ 

11,063  slug^t  2 

-  79  slug-ft  2 

22  Inches 
187  inches 
190  gal 
149  gal 

Inertia  as  Influenced 
investigated. 
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SECTION  4.  FACTUAL  DATA  (Continued) 

4.2.6  SEA-LBVBL  MISSION. 

One  aea-level  miaalon  wan  calculated  for  the  22 -Inch 
diameter  tank  located  at  butt  line  85.  The  agent  weight  and  tank 
weights  are  different  from  those  used  in  the  Phase  I  study; 
however,  the  sum  of  the  agent  and  tank  weights  are  the  same. 
The  calculation  of  this  mission  is  shown  in  Table  I  and  the 
mission  profile  Is  given  In  Figure  4-40,. 
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FACTUAL  DATA  (Continued) 
TABLE  I 


Butt  Line  as 


Take-Off  Gross  Weight 

lb 

Total  Fuel 

lb 

Fhel  for  Reserve 

lb 

Fuel  Used  For  Check  Out 

lb 

Climb  Gross  Weight 

lb 

Drop  Booster 

lb 

Gross  Wt.  @  Start  of  Cruise  Out 

lb 

Fuel  Assumed  For  Cruise  Out 

lb 

Avg.  G.  W.  For  Cruise  Out 
Naut.  Ml/Lb  of  Fuel 

lb 

Range  m  Cruise  Out 

n..  mi, 

Average  Speed 

kn 

Time  to  Cruise  Out 

hr 

End  of  Cruise  G.W, 

lb 

Arrival  Gross  Weight 

lb 

Dispense  Agent  (Cargo) 

lb 

Dissemination  Speed 

kn 

Dissemination  Rate  gal/mln/drone 

Usable  Agent 

gal/tank 

Dissemination  Time 

hr 

Dissemination  Range 

n.  ml. 

Avg.  Wt.  During  Dissemination 
Naut.  Mi/Lb  of  Fuel 

lb 

Fuel  Used  During  Diss. 

lb 

G.  W.  @  End  of  Dissemination 

lb 

Wt.  $  Start  of  Cruise  Back 

Naut  Mi/Lb  of  Fuel 

lb 

Range  in  Cruise  Back 

n.  ml 

Average  Speed 

kn 

Time  to  Cruise  28  n.  mi. 

hr 

Fuel  Used  to  Cruise  28  n.  ml. 

lb 

Wt.  §  End  of  28  n.  ml.  Cruise 

lb 

Drop  Tanks 

lb 

End  Weight 

lb 

SEA-LEVEL  MISSION  CALCULATION 

Tank  Diameter  22  Inches 

10,867 
2,003 
0 
87 

10,800 
1,300 

9, 500 
730 
9, 140 
0.1543 
111.1 

483.2 
0. 2398 
8,780 

8,780 
1,846 

483.2 
18 

110.8 

0. 2087 

95.3 
7,541 
0. 1507 

632.3 
6,302 

6,302 
0.1607 
28 

463.2 
0.0539 
165.9 
6,136 
1,050 
5,088 
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SECTION  4.  FACTUAL  DATA  (Continued) 

TABLE  I  (ConUnued) 

3BA- 

-LEVEL  MISSION  CALCULATION 

Butt  Line  85 

Tank  Diameter  22  Inches 

,  G.  W.  for  Return 

lb 

5,086 

Fuel  for  Return 

lb 

418 

Avg.  Gross  Weigia 

lb 

4,877 

Naut.  ul/lb  of  Fuel 

0i2O63 

Range  in  Cruise  Back 

n.  ml. 

86.2 

Avg.  Speed 

kn 

463.2 

Time  to  Cruise  Back 

hr 

0. 1831 

Radius  of  Action 

n.  ml. 

111.2 

Total  Mission  Time 

hr 

0.6855 

Recovery  Weight 

lb 

4,868 
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TABLE  n.  DESIGN  LOAD  FACTORS  FOR  FINAL  TANKS 


PQ>0 
St  ar  =  m 

a  5 

■Oi®  "<  S 

■te.  2  = 

'^OouO 

<3o  ®  ;i! 


Desiga 

Loading 

CooditiOQ 


Launch  Phase 


Flight  Phase 
Symmetrical  Flight 


Oroae 

Gross  Wt. ,  lb 
10, 800  (with  max,  agent) 


8, 500  (with  max.  agent) 


Sidesl^ping  Flight  ■  8, 500  max.  agent) 


8, 500  (with  max.  agent) 


Mach 

Altitude  Number 


Limit  Load 
Factor 


Rolling  Flight 

Accelerated 

Steady 


n^  -  longitudinal  load  bctor;  positive-forward 

-  lateral  load  factor;  positive  -  right 

-  normal  load  factor;  positive  -  up 

-  rolling  acceleration;  positive  -  right  wing  down 


200  knots  n^  r  S.O 

n  ::  2. 33 
z 


maxlTnuTO  n  =  4.72,  -  2.72 
z  ’ 

ntaaimum  z  1 1.0 

“z  =  ^-0 

oaximum  n  :  3.0 

z  - 


Dltizciate 
Factor  of 
Safety 


w  =  i  8.8  rad/sec^ 


-  2.33 


t  3.05  rad/sec 
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SECTION  5. 

5.1 

5.2 

5.3 

8.4 
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ABSTRACT 

TITLE;  The  Preliminary  Design  of  an  Airborne 

'Universal  External  Store  for  Line  Source 
Dlsaemlnatlon  of  Liquid  BW  Agents. 

AUTHOR;  Marshall  H.  Roe,  Aero-Thermo  Special  Projects 

This  report  presents  generalized  aarodyrsnle, 
weight,  and  Inertia  characteristics  of  a 
universal  external  aircraft  store  for 
dlaaemlnatlon  of  liquid  biological  agents. 
These  data  were  prepared  to  examine 
compatibility  of  the  store  with  an  Army 
surveillance  drone.  Also  included  are  the 
reaulta  of  a  configuration  study  preliminary 
to  detailed  engineering  design  of  the  store. 


DESCRIPTIVE  TERinS 

Biological  warfare 
External  stores  for  aircraft 
Line-source  dla»emlnatlon 
General  Mills,  Inc. 

Liquid  BW  agents  * 

BW/CW 


FOREWORD 

The  studies  described  In  this  report  were 
conducted  in'  accyriJanee  with  Amendment  2 
of  the  General  Mills,  Inc.,  Contract 
MD-78766,  subcontract  to  Army  Chemical  Corps 
Contract  No.  DA-l3-06h-CML-27'i5.  The 
study  period  was  from  13  February  1961 
through  26  May  196I 
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INTRODUCTION 

North  Anerloan  Aviation,  Ine.,  is  participating  a» 
a  subeontraetop  to  Oanaral  Hills,  Ine.,  in  an  Anay 
Chamloal  Corps  program  to  develop  external  stores  for 
the  line  source  diBsemlnatlon  of  liquid  and  dry  6W  agents. 
NAA  has  coo^leted  the  phase  of  this  development  program 
of  design  studies  of  e  universal  liquid  agent  dissemi¬ 
nation  store  for  use  with  operatloned  manned  aircraft . 

The  present  worVc  la  concerned  with  examining  the  c6a- 
patiblllty  of  the  Army  SD-5  surveillance  drone  with  a 
liquid  agent  store,  and  proosedlng  with  the  preliminary 
design  of  a  prototjrpe  store.  It  Is  planned  that  the 
datailed  design  and  fabrleaUon  of  the  prototype  store 
will  follow  review  and  approval  by  QMX  and  the  Siological 
T>aboratorles  of  the  preliminary  design  resulting,  from 
this  phase  of  the  program. 
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DISCUSSION 

•nj#  Boope  of  the  work  coverad  by  thi*  report  ^ 
by  the  wox^  statement  of  Amendment  2  of  GMI  CentraciJ  MD  To7w, 
which  is  (|uated  below: 

"1. 

Coaqplete  the  design  requirements  for  a  prototype 
external  store  liquid  agent  dlasesilnatlon  system, 

•Hje  results  already  obtained  under  this  oontraot 
with  Oeneral  Hills,  Ino.  shall  be  used.  The 
'  design  requlz'enmnt s  to  be  established  shall  apply 
insofar  as  possible  to  s  universal  store}  however, 
detailed  dealgn  shall  oonaldsr  Installation  of  the 
■tore  on  the  AX/USD-5  drone  and  also  the  7-lOOD 
airplane,  which  is  anticipated  aa  a  test  vehicle. 

a.  As  part  of  this  work,  data  shall  be  subaltted  to 
Oeneral  Mills,  Ino.  for  purposes  of  evaluating 
compatablllty  with  the  drone.  These  data  shall 
aonsiat  or  preliminary  aerodynamic,  weight  and 
Inertia  charaoterl sties. 

b.  Coordinate  with  Oeneral  Mills,  Ino,,  the  Amy 
Ohemloal  Corps,  and  the  drone  manufsoturtr  In 
eatabllahing  a  rautally  aooeptable  store  con¬ 
figuration  at  aeneral  Mills,  Ino.  direoblon. 

0.  Preparation  of  Layout  Drawings  -  l,ayout  dr  wings  . 
of  the  extezmal  store  shall  be  prepared,  which 
shall  inoluds  external  gseaMtry,  definition  of 
oomponente  (suoh  as  turbine,  generator,  valves, 
pumps,  noxzle  assembly  and  aotuators),  controls 
and  control  sequenoing.  Jettison  provlslona,  agent 
oapaolty.  Insulation,  agitation  and  heating  and 
■amtenanoe  provisions. 

2. 

Prepare  a  reproducible  technical  report  covering  the 
work  under  Item  1  above." 

Upon  ooispletion  of  Itema  la  and  lb,  MAA  was  . 

am  to  eliminate  any  further  oonsideratlo/i  of  store  oompatlbillty 
with  the  U39-9  drone  as  required  by  item  1. 

t 
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i 
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DATA  POR  DRONE  t:OMPATIBlLnY.ggUPT 


Pojf  purpoaaa  of  a  Gomparative  evaluation  of  atoro  charae^- 
varBua  drone  oapabillti8a,  aerodynamo>- weight,  an4  - 
Inertia  oharaoteriatloa  aa  a  function  of  atora  size  were  px^pareo. 
Theae.  data  are  baaed  on  the  store  eoni  lguration  as  shown  in  an 
sarliar  proposal  report,  reference  8,  and  reflOot  a  soaewhat 
heavier  empty  weight  than  tne  store  that  has  evolveo  from  tha 
present  worw. 

Qeometrleal  data  defining  tne  genarailzea  store  are  shown 
in  iigures  1  and  2,  A  rineness  ratio  of  0.5 si  vtia  chosen 
slnoe  it  has  an  adsquataly  hlgn  arag  -  dlvergsnoe  Maen  numbw 
aa  well  as  adequate  oapacity.  Tne  stabilizing  fine  shown  aw 
optional,  ospendlng  on  the  need  for  reduction  of  the  daatablllzing 
effects  of  the  storea  and  for  free  crop  jettisoning  of  the  sttorea. 

Aerodynamlo  CharaetersltlGs 

Aerodynssdo  eharactorlstios  oonslstlng  or  lift,  drag,  and 
pltohlng  moment  oocffloients  for  the  Isolated  store  are  shown 
as  a  function  of  Mach  number  and  angle  of  attack  in  figures  3 
through  6. 

The  isolated  store  aerodynamle  eharacterlstloe  oonelstlng  of 
lift,  drag  and  pitching  moment  ooefflelents  of  the  flnleas  con¬ 
figuration  were  Initially  estimated  on  tha  baals  of  data  eon* 
talnad  In  wferenee  (1)  which  dealt  with  the  high  subsonic  Mach 
nuabar  wind  tunnel  testing  of  s  similar  extemal  store  model. 

•nie  flns-on  data  were  also  derived  from  the  above  referenced  re¬ 
port  w»th  necessary  corrections  made  for  the  fin  effects,  A 
North  Amerloan  report,  >IA-55-llo8,  was  also  roferanoed  In  the 
doaiwflBon  of  the  body  alone  (flnleas)  data.  (These  Initial 
data  were  forwarded  to  OMI  by  cover  letter  and  later  revised  by  , 
wire.) 

Subsequent  analysis  of  the  drag  data  In  the  referenced 
Douglas  report  and  a  comparison  of  those  data  with  data  In 
references  (3),  (A)  and  (5)  Indicated  tlxat  the  drag  data  of 
reference  (1)  are  optlmlatlo,  probably  because  of  improper 
eoK*eotlons  for  the  base  drag*  All  of  references  (3),  (A)  and 
(5)  show  the  low  speed  zero-lift  drag  level  of  0,05  of  a  flne- 
off  low-drag  body  similar  to  the  store  shapes  concerned  nowt 
particularly,  the  configuration  #7  In  reference  (3)  1*  almost 
the  exact  shape.  Therefore,  the  Initial  dra^  estimate  was 
revleed  to  that  shown  in  figure  3,  whloh  gives  a  drag  coefficient 
of  0.05  at  low  speed,  zero  lift.  Ef facts  of  angle  of  attack  snd 
fins  on  tha  stow  drag  remain  the  same  aa  estimated  from  re¬ 
ference  (l). 
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PE3IQH  PAHAMgTSR3  PQR  MANWBP  AIRCRAP'f  STORE 


,  PolloNlng  tha  deoialon  by  th#  Slologioal  Laboratorlas 
to  deXat«  th#  raquiroMnt  for  store  oonpatlbllity  with  tho 
SD-5  drone,  design  reoulreaents  for  the  prototype  store  for 
manned  alreraft  were  determined  and. applied  In  the  dealgn 
.layout  shown  in  figure  A.  A  disouaslon  of  these  require^ 
menta  follows* 


Xn  establishing  the  ovorall  store  dimenslons^the  follow¬ 
ing  splteria  were  aonelderedi 

1.  The  stoi'e  should  be  capable  of  operational 
deeonatratlon  on  the  first-line  taetioal 
alroraft  (fighter -bombers,  grouhd  a\q>port 
typee)  of  the  Air  Perce,  Mavy,  and  Marine 
Oorpe* 

i 

2.  Slnoe  area  coverage  requirements  have  not 
been  established  by  the  vising  oomsianda.  the 
amount  of  agent  to  be  oarried  was  assumed 
v»  be  the  MMliauu*  t^wsoible.  sonsistsnt  with 
the  requirement  of  item  (l)  above. 

.  llie  alroraft  considered  In  item  (1)  wnret  P-IOOC.  D 
and  F,  F-I05a  and  D.  B-66B,  AV-1,  and  tha  a4D. 

Hefsrenoe  6  shows  the  following  capabilities  of  theas  partl- 
oular  aircraft* 


Store 

Fuel  TarOc 

Store  Weight 

Lug 

Station 

Oanabllltv 

.Cap^ahillty 

P-100C,D  4  F 

106  In. 

Oal. 

3170  lb. 

14.20.30 

F-105  B  ai  D 

0 

450 

3170 

30 

138 

450 

3170 

30 

B.66B 

254 

450 

3200 

30 

A3J-1 

110 

400 

4000’ 

30 

PJ-4B 

122' 

344 

2450 

14.30 

A  40 

0 

300 

3575 

1‘».30 

’TI' 
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Proa  conaideratiori  of  these  capabllltlaa  evolved  the  store 
seo(iietx7  of  226  in.  length,  26  in.  dlaoeter,  I90  gallon  volUM 
of  agent  tantc,  and  30  Inch  lug  spacing. 

Preliminary  Structural  Design 


'  The  structure  of  the  BW  Store,  as  shown  on  ^AA  drawing 
2533-900001  figure  8,  was  based  on  the  following  prell,ainary 
loads  analysis.  Air  loads  used  in  this  study  wsre  bassd  on  a 
275  gsl  fuel  tank  which  la  similar  to  the  proposed  3W  store. 

The  UBOunt  of  inertia  for  the  275  gal  fuel  tank  waa  also  used 
as  a  basis  for  the  external  shell  of  the  BW  store.  The  inner 
tank  values  were  computed  and  Incorporated  into  the  overall 
results  which  were  the  basis  for  tha  design  consideration  made. 

Following  is  a  discussion  of  the  loads  used  and  the  method 
of  analysis. 

aytjbols 

W  «•  weight  of  store  including  all  diaposabls 
loads,  Iba. 

i 

Nx  •  load  factor  in  fore-and-aft  direotion 

My  «  load  factor  in  lateral  direction 

Nx  -  load  factor  in  vertical  direotion 

S  ••  pitching  acceleration,  rad/seo^ 

Y  -  yawing  acceleration,  rad/sec ^ 

^  a  angle  of  attack  of  store,  degrees 
3s  *■  angle  of  sidealip  of  store,  degrees 

<1  •*  l/2/'V2^  dynamic  press  Ib/ft^ 

"  air  density,  slugs/ft 3 

V  »  air  velocity,  ft/aec 
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Mouth'  American  aviation.  INC 


MA-61-758 

Pas*  13 


(A>  • 


c.a.  (a) 


22'*Dla 


Conputlns  tha  Voluna  and  Center  of  Oravit?: 
Portion  Volume  (ln3)  x  (Val.)x 


28,100  ’ 


Asant  Wt  m  e.33Bv'0al 
1  Oal  -  231  ln3^ 

Aaoune  Inner  Tank  1/8"  Thlok 
PlDarplasa  Wt  -  .OTOltoAn^ 
Portion  (a)  - 

Volume  «  270  in-^ 

Portion  (fl) 

Volume  •  600  in^ 

Portion  (C ) 

Volume  -  180  ■ 

«  1050-^  ln3 


-l6;'l  -15.7  xlO 

37  104.0  xlO^ 

84,3  61.4  xlO^ 

14^7  xlo'* 


Wt  »  I05OX.07  •  73,5  lb. 
use  a  Height  of  100  lb. 


Capacity  of  Tank  •  196  gal 
Wt  of  Agent  •  lft3Q[.lb. 
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North  AMimtCAN  aviation.  Inc 


^MjmiCAN 
iuSEin  4M. 


SAUrOIINIA 


'  HA-dl-758 

Pt«*  13 


Cnnep  Tank 
stiiitaift  £•  and  I, 


Aasusa  cyilndar  din  x  129”  long 
Wt  -  1730  lb, 

r,  I,  -  *  -  4.9  ♦  i||*{  -  6300  16.  i»«c^  la. 

ly  '.|1b  -  ,6300  X  386  •  2,470,000  lb.  -in. 2 

.k  , 

Looatt  Coapoaita  C.O.  of  Innai;  Tank,  Outer  Tank  and  tlqoi^d. 
Outer  Tank  i 

'  AaiSie  '?.a.  at  Sta.  110  Wt.  -  300  lb. 

Inner  Tank  C.O,  at  Sta  30+34_33.2  -  Sta.  97 .S  Wt  -  1730  lb, 

X«  -  300xl00»1730>97.2  .  99«  (sta.  99) 

1730+300 

Vat  tank  eta  100  aa  C.O. 

Air  load  referenee  point  la  at  .4  x  220  ■  Sta  88 

For  aymatrloal  luga  about  tank  C.O.  luge  should  be  at  Sta  3$ 

and  115 


5”  1 

r-rri:: 


^  { 
I  I 

i 


Fwd 

Praae 

(5S*i 


C.P, 


Aft 

Fraae 


uae  away  brace  angle  of  20*  per  apee,  MIL*A«d991B(ASDD) 
inertia  imMnta  at  C.O.  for  external  tank  ertly 

*r  ■  M  -  22^  9  -  25209  M, -asaoy 


Feferenoe  8 


for  Inner  tank  .. 

-  2/ 470:^  4  -  6300  ii  M,  -  6300  y 
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NORTH  AMERICAN  AVIATION*  iNC. 

HtfiimMiaiotb  Aiwear 
U3S  ANaCtn  4S.  CAUrORNU 


Lialt  Load  7aotor8  (Refaranoa  MiL>A-3591B) 
Vt  «  2030  Itoa  (eatlAated) 


NA-61-7^ 
Pago  14 


■i  mi!  I  — 

- ^ - 

“75^ 

- 3^— 

M  hi!  I'Hi  1 

8.67 

4.0 

6.0 

43  or  -1 

43  or  -1 

Ny 

±1*5 

41.5 

49.0 

41.5  • 

tl.5 

»x 

ta.o 

+8.0 

t2.0 

9.0 

-9.0 

t6.0 

16.0 

t6.0 

+12.0 

+12.0 

y 

0 

0 

0 

+6.0 

+4.0 

Slana 

. 

4Nj,  Down 

Noaa  Op 

+Ky  Left 

Rosa 

Left 

Fwd 


»Ha3t' Paalgn  Lialt  Load  Paetoro  from  Pago  II  of  MIL-A-9591B  (aso) 


kiP  Loads  For  a  275  Oallon  Tank  from  NA  32-186  (Rafaranoa  9) 

Condition  3S0R  (M  .90  at  3000  ft.,  q  *  980  Ib/ft®) 

P*  -  693  Ito.  Pv  -  1490  lb. 

'  'S  9611  in.  lb.  Ml  •  66282  In.  lb. 

:_-'P5  -  1293  lb. 

CandlUon  329H  {M  .96  at  3000  ft.,  q  ^  1220  lb/ft2) 

<Pa  -  764  lb.  Py  -  1472  lb. 

Hy  -  9|45  in.  lb.  4  •  62716  In.  lb. 

Py  1  11b. 

Condition  3^  (M  1.10  at  10000  ft.*  q  *  1220  Ib/ft®) 


Ps  •  982  lb. 

Hy  -  59079  In.  lb. 
Px  -  2821  lb. 


*  w  a  j  u  "  4 

Py  -  7ol  lb. 

-  93161  In.  lb. 


For  Negatlva  condition,  uaa  condition  4S!0  nultlpllad  br  1.44 
(for  1220q) 


'a  -  92  5  lb. 

jC  -  85389  X  1.44  —123,000  in.  lb. 

Pj  -  608  X  1,44  —875  lb. 


N*  -  35480  X  1.44  -  “51,000  in.  lb. 
P»  -  750  X  1.44  -  1080  lb-. 
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flOOA  Airload!  for  q  -  l220SVft^*  'For  279  Oal  Tanlc 
Co&dltlon  •  p-  ic,  p_  M.  p_ 


1042 

560 

-83619 

640 

147242 

2271  ) 

3008 

-982 

59079 

781 

98161 

2821  )  Foe.  M< 

324R 

-7W 

4549 

1472 

92716 

1881  ) 

420 

143 

-123COO 

, 

OD 

-91000 

1080  -Meg  N, 

Coablno  Airload  Condition  lOAs  With  Inartia  Condition  1 

u  II  I,  n  M  "2 

•'  "  '*  IOA2  '•  '*  ”3 


For  condition  1  and  3 

Max  Vartloal  Loada  on  Pwd.  Frame  for  -K^,  -4 

I4ax  Horizontal  “  . .  ”  -i-My  -f  V 

Max  Vertiaal  ''  "  Aft  *'  ”  4.M,  +*9 


Max  Vertiaal  '' 
Max  Rorlaontal  ** 


+M,  +9 
-My  -  r 


-Hvl  -  V 


Condition 
1 
2 


Oaah 

Mo 


'Condition 

1042  la  a  eyBBetrloal  flight  maneuver  without  pitohlng 
aooeleration 

3008  la  an  unsymmetrleal  flight  maneuver^  ateady  roll 
^42  i8  an  unayaaetrical  flight  maneuver,  ateady  roll 
420  la  an  unaymaetrioal  flight  maneuver,  abrupt  roll 
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*  I  ^ 

A£«int  Tank  Da»i'gn 

Th«  B9laotton  of  a  fllaaont  wound  fiber  glass  agent  tank 
was  based  on  eonslderatlana  of  strength  (safety),  oorrosion, 
Nslght,  dealing,  daeontaadnatton,  heac  transfer,  axMl  produol- 
billty*  The  Isuitex  Corporation  of  Paralngdale,  ll,y,,  eas  oon- 
oulted  on  design,  fabrloation,  and  struatural  teatlxig  of  thte 
unit. 

I 

Other  materials  oonaldered,  but  rejeoted  In  favor  of  the 
ftlaiMnt  wound  fiber-glass  weret  aluolnum  alloys,  stalnlese 
Atesl,  self  sealing  oelle,  bladder  oells,  and  taoneyoomb  floer- 
Slass. 

mAtmL  Atm  mauiATioM 

*9  ^hlflll  the  requirement  of  aalntelnlng  the  tenperatvira 
of  the  liquid  agent  within  35*T  to  70*P,  the  agent  tank  lo 
Inauiated  and  the  noaele  and  plxasblng  ooeponants  are  heated, 

me  heat  transfer  oiAraoteriatios  of  the  BW  store  ere  a 
fwtloo  of  tte  eutelde  film  ooefflolent,  the  amount  of  Ineula- 
iJ*****-^***..^*^  okpeolty,  and  film  ooefflolent  of  the  agent. 

The  effeet  of  the  Ineulatlon  la  to  negate  the  effeot  of  the 
outside  film  coetf talent. 

^  of  verloua  thlokx>e8Bes  of  flbor- 

pM§a  batting  insiUation  on  agent  teamerdture  after  e  three 
tour  e^esm  at  43.000  ft  orulae  altitude  with  a  ram  tempera- 
t7  P.  ^  can  be  noted,  the  ohame  In  agent  taopera- 
v'S*  *nal(Pilflcant  for  insulation  thloicr.088ee  In  sscesa  of 
i/2  Ijiohw  However,  when  the  store  Is  partially  full  aa  shown 
on  flg^  9.  the  agent  reeenee  its  Halt  sooner,  aa  the  hsat 
oapaolty  Is  not  available  In  the  agent. 

,  *.  ^••PPi^bl'Ure  history  for  agent  teepemture  with  a 

1/2  Inoh  thlek  InauUtlon  and  only  25  gal.  of  a^nt  In  tS 
store  is  shown  on  figure  lo,  Thle  eurve  assumes  that  the 
abart^  agent  temperature  wae  40*?  end  the  airplane  was  orula* 
Ing  above  35.000  ft  with  a  rsm  taiaperature  of  -7*P, 

As  oan  be  noted,  the  agent  will  reach  33*P  after  105 
Biimtes.  rflth  the  f^l  tank  of  course,  the  agent  teaneratuxm 
did  not  approeoh  35^  In  three  hours. 

^e  amount  of  heat  required  to  iselntaln  the  tampers  tore 
^•Tsl  of  the  dlsBeiuinating  booaa  above  freaalug  In  a  function 
of  the  ambient  temperature,  airplane  speed  and  thu  film 
ooefflolent  of  the  booms.  Figure  11  graphloally  iHuatrates 
the  heating  requirements  for  the  moet  critloal  oondlfcion  of 
Balntalnlng  the  extended  dlosetalnatlng  booms  at  33^P  for  a 
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aei  level  run.  The  ordinate  oC  figure  IX  is  the  85J(  rea 
rieoverjr  teaperetvire.  whioh  la  a  funotlon  of  toth  eeblant 
.  t^B^;>eretur«  end  elrplane  speed*  The  heating  reqiUred  will 
Vary  then  in  relation  to  the  raa  teaipereture  and  the  airplane 
ep^e^.  These  valuta  are  alao  related  to  the  ambient  tempera¬ 
ture  whloh  la  oroae  plotted  on  the  eurve* 


wte  1#^  a  Mi  tmeae  u  r  *I->v  •m.  i  * 


l^ieatea  that  -tO*?  la  the  loweet  temperatxure  that  need  be  oon- 
aldered.  Referenee  to  figure  11  indloatea  that  a 'haatlng  den¬ 
sity  of  3  watte  per  aquare  inoh  will  be  adeqtMte  for  all  alr- 
speeda  of  spproalaately  0«7  Maah  number  and  higher.  It  oan  be 
seen  that  8  watta  per  aquare  Inah  will  provide  aatle^tory 
beating  at  any  speed  for  ambient  tamperaturea  of  -fi8*f  or 
higher. 


t 

,  The  dealgn  flow  rate  of  the  dissemination  ayatea  has  been 
tatcan  as  18  galena  per  minute  In  aooordanoe  with  the  flndlxigs 
of  Mferenae  o*  The  puav  aeleeted  Is  nominally  ratad  at  20 
gallons  per  minute  at  50  pal.  in  adjuataent  of  plus-or-mlnua 
I  two  gallona  per  Blnute  la  provided  so  that  the  desired  rate  oan 
be  set  during  beneh  taste. 


The  oossla  design  Is  based  on  earlier  tost  results  as  re¬ 
ported  In  referenoe  7.  On  the  basis  of  that  information  the 
noaale  aasembly  inoorporates  50  individual  slit-type  ortflees« 
0.360  Lnohes  In  length  and  0.CX}5  inches  in  width.  This  will 
result  In  a  flow  rate  of  18  gallona  pen  minute  at  approximately 
38  pal 'at  the  noacle. 


Analysis  of  the  eleotrloal  load  imposed  on  the  generating 
system  indicates  that  a  4  KVA  output  Is  adequate.  Satlaated 
requlresMnta  for  the  various  eleotrloal  oomponents  are  listed 
below. 


Pump  2,16  KVA 

Actuator  1.15  KVA 

Boom  heaters  1.32  KVA  max  (boom  extended) 

Flex  line  heaters  0,34  KVA  max 

Valve  and  pluBd>ing  heaters  O.60  KVA  siax 

Solenoid  valvesiper  valve)  1.00  KVA  starting, 

0.06  KVA  holding 
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fUDAtlanliHl  »f  «&•  oont9el««  »•  d«aas>lb«d  tn  4  Zftlinp 
portion  of  this  rspert.  is  ssqusnosd  so  thst  ths  sisofeH.e41  losd 
4oss  not  ssoeod  ths  4  KyA  output  of  ths  gsnsrator* 

Tho  Allison  Oivlslon  of  ths  Osnsrsl  Motors  Corporstlon  sad 
*4*ss«4Jf4h  Division  of  ths  Oarrstt  Corporation  sorf  Son-^ 
tss^d  rslstltro  to  stipplylns  tho  turtlns-ssmrstoS^  s9rsts«,  sad 
bath  ooapsnlst  hsvs  suhaittod  tost  and  tobsduls  sstlMtiSs. 


Ths  control  aanol  to  bo  looatod  In  ths  pilots  sool»lt  U 
Shawn  lohosatleali/  in  flguzv  3.  In  addition  to  ths  two  sid[tehos 
shorn  on  ths  psnsli  ths  pilots  trigger  awltoh  will  bo  lasorporstsd 
as  ^  prlBs  dlsssainating  control*  Ths  control  switshos  will 
utlXlas  ths  alrplant's  d.o.  power  to  aotlvsts  control  rslars. 

A  Sohsnstio  of  the  circuitry  la  shown  in  figure  12. 

Punotlons  of  the  controls  and  Indicator  lights  are 
dstcrlbsd  below. 


Master  control  switch  (3  position  switch) 

Position  It  generator  off  (no  power  to  store 
ooaponsnte) 

Position  2t  gsneretor  on  (power  evailahle  to 
store  cooponents.  aeevasing  air 
speed  Is  2^0  knots  ZA4  or  greater) 

Position  3s  generator  on.  puap  on.  reo,ireala* 
tlon  valve  open 

Boon  control  switch  (2  position  swltoh) 

Position  It  nozslt  boon  extends  (assuaing 
generator  on) 

Position  2i  nozzle  boon  retracts  (assisting 
generator  on) 

Trigger  swltoh  (on-off  switch) 

Switch  depressedt  heaters  off.  puop  on, 

discharge  valve  opened 

Switch  relossedt  pump  off,  discharge  valve 

closed,  heaters  an 
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Indio&ttng  liglitB 

"(Hnaratop  off'*  light  lllunlnatas  if  gcnarator 
!•  not  oparatlng  and  MASt«r  Control  switoh  la 
in  "Qonorator  On**  or  "Rooiroulate”  poaltion. 

'’Boob  not  axtanded"  llglit  illUBlnataa  if  ’’Boob 
Xxtand*  aMltoh  ia  aotuated  and  boos  ta  not 
follj  axtandad* 

Ulow"  li^t  illuolrmtaa  when  liquid  is  flowing 
from  pwp  dleeharga  line. 

Freoautlonary  oireuitry  interoonnaetai 

Dlsoharga  valva  oan  not  be  opened  unless  boon 
la  extended. 

Boon  ean  not  be  retraoted  unless  diaeharge  valve 
is  alosed. 

« 

Reoiroulate  valve  is  closed  (if  open)  when  trigger 
switch  is  depressed 

Hdaters  t 

Heater  controls  are  actuated  autoaatioslly^  when 
the  generator  la  oqj  by  tei^rature  sensing 
switohfts. 


Provisions  for  filling  are  lllxistrated  scheoattoally  In 
figure  8.  Connections  fro«  the  filling  puogi  are  mado  to  the 
flex  line  which  goee  Into  the  reeiroulatlng  aysten*  As  the  tank 
is  filled,  it  is  ywfited  through  s  flex  line  in  the  vent  syatea 
to  the  return  side  of  the  filling  systea. 

For  deoontsainatlon  of  the  store  after  tuie,  the  inner  tank 
and  plisabtng  oay  be  flushed  with  a' deoentaadxuiting  liquid  by 
puoplng  it  through  the  recirculating,  dloseaanating  and  vent 
syatena.  The  aft  oompartnents  of  the  store  containing  the  puss, 
actuator,  valvsa,  etc.,  oay  be  decontaalnated  by  acseaa  throu^ 
doors  in  these  oonpartswnta.  The  center  ooocMirtaMnt  housing 
the  agent  tank  Is  sealed  off  froB  the  sft  ooaguu^taent  so  t^t 
agent  or  deoontaainant  in  the  aft  oompartoant  will  not  seep 
Into  the  inatilating  laaterial  In  the  canter  section.  The 
sxterlor  of  the  store  can  be  dsoontaainated  by  hosing  with  a 
decontaadnatlng  liquid. 
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DEPARTMENT  OF  DEFENSE 
WASHINGTON  HEADQUARTERS  SERVICES 

1  1  55  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-1  155 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

(ATTN:  WILLIAM  B.  BUSH)  AUG  1  2013 

8725  JOHN  J.  KINGMAN  ROAD,  STE  0944 
FT.  BELVIOR,  VA  22060-6218 


SUBJECT:  OSD  MDR  Cases  12-M-3144  through  12-M-3156 


At  the  request  of  I 


Review  of  the  documents  in  the  above  referenced  cases  on  the  attached  Compact  Disc  (CD) 


under  the  provisions  of  Executive  Order  13526,  section  3.5,  for  public  release.  We  have 
declassified  the  documents  in  full.  We  have  attached  a  copy  of  our  response  to  the  requester.  If 
you  have  any  questions,  please  contact  Ms.  Luz  Ortiz  by  phone  at  571-372-0478  or  by  e-mail  at 
luz.ortiz@whs.mil,  luz.ortiz@osd.smil.mil,  or  luz.ortiz@osdj.ic.gov. 


mjL^ — 


Robert  Storer 

Chief,  Records  and  Declassification  Division 


Attachments: 

1 .  MDR  request  w/  document  list 

2.  OSD  response  letter 

3.  CD(U) 


April  26, 2012 


Department  of  Defense 

Directorate  for  Freedom  of  Information  and  Security  Review 

Room  2C757 

1155  Defense  Pentagon 

Washington,  D.C.  20301-1 155 


Sir: 

I  am  requesting  under  the  Mandatory  Declassification  Review  provisions  of  Executive  Order 
13291,  copies  of  the  following  documents.  I  have  tried  several  times  to  acquire  them  through 
DTIC,  but  the  sites  stated  they  are  not  available. 

I  am  conducting  research  into  the  previous  methods  used  to  disseminate  biological  agents.  Many 
source  I  use  to  have  access  to  have  been  deleted  from  the  internet.  On  numerous  occasions  I 
have  been  informed  that  formerly  classified  information  that  was  declassified,  have  now  become 
classified  again  (since  911).  My  attempts  to  locate  such  Executive  Orders,  regulations,  laws,  or 
other  changes  to  this  question  have  not  successful  nor  revealed  a  specific  source.  As  such  I 
would  appreciate  any  information  you  can  shed  on  this  question. 

Documents  requested. 

AD  348405,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare) Agents  Quarterly 
Progress  Report  Number  14, 4  Sept  -  4  Dec  1963,  G.  R.  Whitnah,  February  1964,  General  Mills 
Report  number  2512,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  1 8064  CML 
2745,162.pages.  Prepared  for  U.S.  Army  Biological  Laboratories,  Fort  Detrick,  Maryland. 
Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills.  Project  No  82408 
General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  I3>Iinnesota. 

AD  346751,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  12,  March  4  -  June  4,  1963,  G.  R.  Whitnah,  July  1963,  General  Mills 
Report  number  2411,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  18064  CML 
2745.  184  pages.  Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills. 
Project  No.  82408.  General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  13 
Minnesota.  ’ 

AD  346750,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  13, 4  June  -  4  Sept  1962,  G.R.  Whitnah,  October  1963,  General  Mills 


'■  Number  DA  18064  CML 

SS^H V  “'  !S5“ief.'W 

DA  1 8064  CMLTOS  IS  pages  ’  ^N-  Contract  Number 

Number 

|S3yisr?i“ir,'js*rSr  o?as‘.» 

DriS0*4(mu45  MN.C™«  NujnW 

AD  329067,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  ;  X-AA  ?/  C7S 

General  Mdls  Inc  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745  103  pages 

and  Development  Office,  2003  East  Hennepm  Avenue,  Minneapolis  13,  Minnesota. 

^  327072,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  /P-AA  lfS7 
Propss  Report  Number  Five,  4  June  -  4  Sept  1961.  by  G.R  Whitnah,  NoveSr  l^ToetS^^ 

CML  2745.  Minneapolis,  MN,  Contract  Number  DA  1 8064 


Mrs;«s  rss  I'jriTimSS" 

rjAn-j  Cor.4  u  •  A  Mills  Electronics  Group,  Research  Dent 

2003  East  Hennepin  Avenue,  Minneapolis  1 3,  Minnesota.  225  pages.  ^ 

AD  324746,  Dissemination  ofSolid  and  Liquid  BW  (Biological  Warfare)  Agents  Progress 

2125  General  Whitnah,  October  1960,  General  Mills  Report  N^ber  ^  ^ 

2125,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745.  78  pages 

f  (Biological  Warfare)  Agents,  Quarterly  )Z-AA-3)S^ 

oZra  M^p  Tm'  '^^0,  by  G.R.  Whitnah!  February  lOb!, 

da  18064  CML^2745  ^9  m’  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number 

ofpa^enL  ^003  Fat  H  division  of  General  Mills,  Inc.,  Research 

epartment,  2003  East  Hennepin  Avenue,  Minneapolis  13,  Minnesota. 


AD  323598,  Dissemination  of  Solid  and  Liquid  B  W  (Biological  Warfare)  Agents,  Quarterly  Sf 
Process  Report,  for  penod  4  Dec.  1960-4  March  1961,  by  G.R.  Whitnah,  May  1961,  General 

07??  Minneapolis,  MN,  Contract  Number  DA  18064 

LML  2745.  95  pages. 

(Biolosical  Warfare)  Agents,  Quarterly  a-M-ZISH 
Progress  Report  No.  10,  penod  Sept.  4, 1962  -  Dec.  4, 1962.  G.R.  Whitnah,  Project  Manager, 

Approved  by  S.P.  Jones,  Aerospace  Research,  February  1963.  247  pages. 


Sincerely 


